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EAIL¥AY ECONOMY. 



CHAPTER I. 

INFLUENCE OF IMPROVED TRANSPORT ON CIVILIZATION. 

1. The Art by which the products of labor abd thought, and 
the persons who labor and think, are transferred from place to 
place, is, more than any other^ essential to' social advancement. 
.Without it no other art can progress. A people who does not 
possess it can not be said to have emerged from barbarism. A 
people who has not made some advances in it can nofe'^et have 
Hsen above a low state of civilization. Nevertheless, this art has 
Men, of all others, the latest in attaining a state of perfection, 
80 late, indeed, that the future historian of social progress will 
record, without any real violation of truth, that its creation is 
otfe of the events which have most eminently signalized the 
present age and generation. For, although transport by land 
and water was practiced by our forefathers, its condition was 
0Q immeasurabty beloW that to which it has been catried in oar 
times, that a more adequate idea of its actual state Will be con-, 
vsyed by calling it a new art, than by describing it as an im- 
provement on tho old one. 

But if'litiraan invention have been late io directing its powers 
to this object, it must bdi admitted to have nobly compensated for 
the tardiness of its actioii hf the incomparable rapidity o^ ad- 
vancement it has produced, ,whea once they have heeXi brought 
into play. Within an hundred years more has been accom- 
plished in facilitating and expediting intercommunication than 
was effected from the creation of the world to the middle of 
the last century. This statement may, perhaps, appear strained 
and exaggerated, but it will bear the test of examination. 

B 



26 RAILWAY ECONOMY. [Chap. L 

The geographical conditioDS of the world, the distribution of 
the people who inhabit it, and the exclusive appropriation of 
its natural productions destined for their use, to the various 
countries of which it consists, have imposed on mankind the 
necessity of intercommunication and commerce. Commerce is 
nothing more than the interchange of the productions of in- 
dustry between people and people. Such interchange presup- 
poses the existence of the art of transport by land and water. 
In proportion to the perfection of this art Will be the extent of 
commerce. 

A people incapable of communicating with others must subsist 
exclusively upon the productions of its own labor and its own 
soil. But nature has given us desires after the productions of 
other soils and other climates. Besides this, the productions of 
each particular soil or country are obtainable in superfluity. 
They are infinitely more in quantity than the people by whom 
and amid whom they are produced have need of; while other 
and distant peoples are in a like situation, having a superfluity 
of some products and an insufficiency or a total absence of others. 
The people of South Carohpa and Georgia have a superfluity 
of cotton, the people of the West India Islands have a super- 
fluity of coflee and tobacco, the people of Louisiana have .a 
superfluity of sugar, the people who inhabit the vast valley of 
the Upper Mississippi and Missouri have a superfluity of corn 
and cattle, the people of civilized Europe have a superfluity of 
the products of mechanical labor, those of France have a super- 
fluity of silk goods, those of England of manufactured cotton, 
porcelain, and hardware. Each of these various peoples is able 
and willing to supply the others with those productions in which 
themselves abound, and to receive in exchange those of which 
they stand in need, and which abound elsewhere. 

But, to accomplish such interchanges, means -of transport 
must be provided, and this transport must be sufficiently cheap, 
speedy, safe, and regular, to enable these several productions 
to arrive with their consumers, and be delivered on such terms 
and conditions as will be compatible with the ability of the con- 
sumer to purchase them. 

Among the advantages which attend improved means of trans- 
port, one of the most prominent is that of lowering the price of 
all commodities whatever in the market of consumption, and 
thereby stimulating production. The price paid for an article 
by its consumm' consists of two elements : 1st, the price paid 
for the article to its producer at the place of its production ; and. 
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2d\y, the expense of conveying it from that place to the con- 
sumer. In this latter element is incladed the cost of its trans- 
port and the commercial expenses connected with such trans- 
port. These last include a variety of items which enter largely 
into the price of the commodity, such as the cost of the trans- 
port, properly so called, the interest on the price paid to the 
producer proportionate to the time which elapses before it 
reaches the consumer, the insurance against damage or loss 
daring the transport. This insurance must be paid directly or 
indirectly by the consumer. If it be not effected by those who 
convey the commodity to the consumer, the value of the goods 
which may be lost or damaged in the transport will necessarily 
be charged in the price of those which arrive safe. In either 
case the consumer pays the insurance. There are also the 
charges for storage, packing, transhipment, and a variety of other 
commercial details, the total of which forms a large proportion 
of the ultimate price paid by the consumer. 

In many cases, these expenses incidental to transport amount 
to considerably more than half the real price of the article ^ ia 
some they amount to three-fourths or four-fifths, or even a larger 
proportion. 

Let us take the example of raw cotton produced on the plains 
of South Carolina or Georgia. This article is packed in bales 
by the producer at the place of production. These are then 
transported to Charleston or Savannah, whence they are ex- 
ported to Liverpool. Arriving at Liverpool, they are trans- 
ferred upon the railway, by which they are transported to Man- 
chester, Stockport, Preston, or some other seat of manufacture. 
The raw material is there taken by the manufacturer, spun 
into thread, woven into cloth, bleached and printed, glazed, and 
finished for the consumers. It is then repacked, and again 
placed on the railway and transported once more to Liverpool, 
when it is re-embarked for Charleston and Savannah, for ex- 
ample. Arriving there, it is again placed on a railway or in a 
steam-boat, and is transported to the interior of the country, und 
finally returns to the very place at which it originally grew, and 
is repurchased by its own producer. Without going into arith- 
metical details, it will be abundantly apparent how large a pro- 
portion of the price thus paid for the manufactured article is to 
be placed to the account of the transport and commercial ex- 
penses. The article has made the circuit of almost half the 
globe hefore it has found its way back in its manufactured state. 
The products of agricultural labor have, in general, great 
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bulk with proportionately small value. The cost of transport has 
consequently a great influence upon the price of these in the 
market of consumption. Unless, therefore, this transport can 
- be effected with considerable economy, these products must be 
consumed on the spot where they are producisd. 

In the case of many animal and vegetable productipns of agri- 
culture, speed of transport is as essential as cheapness, for they 
will deteriorate and be destroyed by the operation of time alone. 
Without great perfection, therefore, in the art of transport, 
objects of this class must necessarily b^ consumed in the imme- 
diate neighborhood of the place where they are raised. Such 
are, for example, the products of the dairy, the farm-yard, and 
the garden. 

In countries where transport is dear and slow, there con- 
sequently arises great disadvantage, not only to the rural, but 
also to the urban population. While the class of articles just 
refeiTed to are at a ruinously low price in the rural districts, 
they are at a ruinously high price in the cities and larger class 
of towns. In the country, where they exist in superfluity, they 
fetch comparatively nothing: in the towns, where the supply is 
immeasurably below the demand, they can only be enjoyed by 
the affluent. 

But if sufficiently cheap and rapid means of~transport be pro- 
vided, these productions find their way easily to the great centres 
of population in the towns, and the rural population Which pro- 
duces them receives in exchange innumerable articles of use 
and luxury of which they were before deprived. 

France, one of the most civilized states of Europe, exhibits 
a deplorable illustration of this. Notwithstanding the fertility 
of her soil, the number, the industry, and intelligence of her 
population, the products of every description, animal and vege- 
table, which abound in her territory, yet, from the absence of 
sufficiently easy means of intercommunication, these advant- 
ages have been hitherto almost annihilated. All these produc- 
tions, in the place where they are raised, can be obtained at a 
lower price than in most other countries ; and yet, in conse- 
quence of the .cost of transport, they would attain, if brought to 
the place whei*e they are in demand, a price which would 
amount to a prohibition on their consumption. From this 
cause the industry of France has long been to a great extent 
paralyzed. 

In some cases the price of an article at the place of consump- 
tloD consists exclusively of the cost of transport. An article 
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has frequoDtly do value in the place where it is found, which 
nevertheless would have a considerable value transported else* 
where. Numerous instances of this will occur in the case of 
manures us0d'in agriculture. Every reduction, therefore, which 
can be made in the cost of the transport of these, will tend in a 
Btill greater propoition to lower their price to those who use them. 

Cases even occur in which the cost of transport is actually 
greater than the price paid for an article by the consumer. 
This, which would seem a paradox, is nevertheless easily ex- 
plained. An article in a ^iven place may be a nuisance, and its 
possessor may be willing tp pay something for its removal. 
This article, however, transported to another place, may be- 
come eminently Jiseful, and even be the means of stimulating 
profitable production. The cleansing the common sewers of a 
city affords a striking example of this. The filth and offal which 
are removed are a nuisance where they exist, and may even be 
the cause of pestilence and death. Transported, however, to 
the fields of the agriculturalist, they become the instruments of 
increased fertility. Cases may be cited where the whole cost 
of transport will be more than covered by the sum paid for the 
removal of the nuisance.* 

Every improvement in the art of transport having a tendency 
to diminish cost, and augment speed and safety, operates in a 
variety of ways to stimulate consumption and production, and 
thereby advance national wealth and prosperity. When the 
price of an article in the market of consumption is reduced by 
this cause, the demand for it is increased : 1st, by enabling 
former consumers to use it more freely and largely; and, 2d]y, 
by placing it within the reach of other classes of consumers who 
were before compelled to abstain from it by its dearness. The 
increase of consumption from this cause is generally in a larger 
ratio than the diminution of price. The number of consumers 
able and willing to pay one shilling for any proposed article is 
much more than twice the number who are able and willing to 
pay two shillings for the same article. 

But consumption is also augmented in another way by this 
diminution of price. The saving effected by consumers who, 
before the reduction, purchased at the higher price, will now 
be appropriated to the purchase of other articles of use or en- 
joyment, and thus other branches of industry are stimulated. 

* In Aberdeen the streets are swept every day, at an annual cost of 
<3£l400, and the refuse brings in d£2000 a year. In Perth the scavenge 
ing costs 661300 per annum, and the manure sells for 661730. 
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The improvements which cheapen traniiport, necessarily m- 
eluding the expenditure oriel's labor in efi^tiog it, might seem, 
at first view, to be attended with injury to the industry em- 
ployed in the business of transport itself, by throwing out of 
occupation that portion of labor rendered superfluous by the 
improvement. But experience shows the result to be the 
reverse. The diminished cost of transport invariably augments 
the amount of commerce transacted, and in a much larger ratio 
than the reduction of cost; so that, in fact, although a less 
amount of labor is employed in the transport of ft ^ven amount 
of commodities than before, a much larger quantity of labor is 
necessary by reason of the vast increase of commodities trans- 
mitted. The history of the arts supplies innunnerable examples 
of this. When railways were fittt brought into operation it 
was declared, by the opponents of thiB great improvement (for 
' it had opponents, and violent ones), that not only woufd an im- 
mense amount of human industry connected with the business 
of land carriage be utterly thrown out of employment, but also 
that a great quantity of horses would be rendered useless. Ex- 
perience was not long in supplying a striking proof of the fallacy 
of this prevision. 

The moment the first great line of railway was brought into 
operation between Liverpool and Manchester, the traffic be- 
tween those places was quadrupled, and it is now well known 
that the quantity of labor, both human and chevaline, employed 
in land carriage where railways have been established, has been 
increased in a vast proportion, instead of being diminished. 

In 1846 there were seventy-three stage-coaches or lines of 
omn?bus employed in the transport of passengers to and from 
the several stations of the North of France Railway, which 
supplied 176 arrivals and departures, had 5776 places for pas- 
sengers, and employed daily 979 horses. In the six months 
ending 31st December, 1846, these coaches transported 486,948 
passengers. 

Improvements in transport which augment the speed, with- 
out injuriously increasing the expense or diminishing the safety, 
are attended with effects similar to those which follow from 
cheapness. 

A part of the cost of transport consists of the interest on the 
cost of production chargeable for the time elapsed between the 
departure of the article from the producer and its delivery to 
the consumer. This element of price is clearly diminished in 
the exact proportion to the increased speed of transport. 
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But increased speed of transport alsojoperates beneficially od 
commerce in another way. Numerous classes of articles of 
production become deteriorated by time, and many are absolutely 
destroyed, if not consumed within a ceitain tinie. It is evident 
that such articles admit of transport only when they can reach 
the consumer in a sufficiently sound state for use ; various 
classes of articles of food come under this condition. 

While the Houses of Parliament were occupied with the 
numerous railway acts which had bern brought before them, a 
great mass of evidence was produced illustrating the advantages 
which both producer and consumer would obtain by the increased 
cheapness and expedition of transport which railways would 
supply. It was shown that the difficulties attending transport 
by common roads affected, ki an injurious manner, the grazier 
who supplied the markets with veal and Iamb. Lambs and 
calves were generally sent by the road ; and when too young to 
leave the mothers for so long a time as the journey required, 
the producer was obliged to send the ewes or cows with them 
for at least a part of the way. This also rendered it impossible 
to send them to market suflSciently young, which it would have 
been advantageous to do, that the mothers might feed off 
earlier. 

But, independently of this, the animals of eve^ species driven 
to market on the common roads were proved to suffor so much 
from the fatigue of the journey, that when they arrived at mar- 
ket their flesh was not in a wholesome state. They were often 
driven till their feet were sore. Sheep frequently had their 
feet literally worn off, and were obliged to be sold on the road 
for what they would fetch. Extensive graziers declared that, 
in such cases, they would be gainers by a safe and expeditious 
transport for the animals, «» even though it cost double the price 
paid to the drovers." 

Butchers engaged in large business in London proved that 
the cattle driven to that market from considerable distances 
sustained so much injury that their value was considerably les- 
sened, owing to the inferior quality of the meat, arising from 
the animal being slaughtered in a diseased state ; that the ani- 
mal, being fatigued and overdriven, «« became feverish, his looks 
became not so good, and he lost weight by the length of thd 
journey and the fatigue." 

It was shown further, that even steam-vessels, when they 
could be resorted to, did not altogether remove this objection. 
Cattle arriving from Scotland in steam-vessels are found in 
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London to be in an unnatural state ; (« they seem stupefied, and 
in a state of suffering from fatigue.'* 

It is not merely the fatigue of traveling which injures the 
animal, but also the absence from its accustomed pasture. The 
injury from this cause is more or less, under different circum- 
stances, but always considerable : in order to obviate this, a large 
portion of the meat supplied to the London market was slaugh- 
tered in the country, and came in this state, in winter, from 
distances round London to the extent of one huqdred miles. 
In warm weather a large quantity of it was spoiled. The trans- 
port of calves and lambs from a distance greater than thirty 
miles is altogether impracticable by common roads, and even 
from that distance is attended with difficulty and injury. 

To convey these and other live cattle from a great distance, 
not only speed but evenness of motion is indispensable. Now 
these two requisites can not be combined by any other means 
than the application of steam-engines upon a railroad. 

The whole of the evidence showed that the supply of animal 
food to the metropolis was not only defective in quantity, but 
of unwholesome quality — comparatively, at least, with what it 
might be, if the tract from which it could be supplied were 
rendered more extensive. 

But, forcibly as the evidence bore on this species of agricul- 
tural produce, it was still stronger respecting the produce of the 
dairy' and the garden. Milk, cream,^and fresh butter, vegetables 
of every denomination, and certain descriptions of fruit, are 
usually supplied exclusively from a narrow an nulus of soil which 
circumscribes the skirts of great cities. Every artificial expe- 
dient is resorted to, in order to extort from. this limited portion 
of land the necessary supplies for the population. The milk is 
of a quality so artificial, that we know not whether, in strict 
propriety of language, the name milk can be at all applied to it. 
The animals that yield it are fed, not upon wholesome and 
natural pasturage, but, in a great degree, on grain and similar 
articles. It will not be supposed that the milk which they yield 
is identical in wholesome and nutritious qualities with the article 
which could be supplied if a tract of land, of sufficient extent for 
the pasturage of cattle, was made subservient to the wants of 
such cities. Add to this that, inferior as must be under such 
circumstances the quality of the milk, there exists the strongest 
temptations to the seller who retails it, to adulterate it still fur- 
ther before it finds its way to the table of the consumer. 

Since the introduction of transport by railways, we tree attach- 
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ed to the fast trains* morniog and afternoon, numerous wagons 
loaded with tier over tier of milk-cans for the supply of the 
metropolitan population. Milk is thus brought from pastures at 
great distances from the cities where it is consumed. In Paris 
the benefits of this have been very conspicuous. 

The benefits which would acerue to farmers and landlords, as 
well as to the inhabitants of towns, by carrying extensive lines 
of railroad through populous districts, connecting them with 
those places from which supplies of food and other necessaries 
might be obtained, are always considerable. The factitious 
value which tracts of land immediately surrounding the metrop« 
olis and large towns acquire from the proximity of the markets, 
is thus modified, and a poi:$ion of their advantages transferred 
to. the more remote districts; thus equalizing the value of agri- 
cultiiral property, and rendering it, in a great measure, inde- 
pendent of local circumstances. The profit of the farmer and 
the rent of the landlord are augmented by the reduced cost of 
transport, while the price paid by the customer is diminished ; 
the advantages of centralization are realized without incurring 
the inconvenience of crowding together masses of people within 
small spaces, and the whole face of the country is brought to 
the condition, and made to share the opportunities of improve- 
ment which are afforded by a metropolis and by towns of the, 
larger class. 

Steam navigation affords many striking examples of like ad- 
vantages obtained in the transport of perishable productions. 

Pines are now sold in the markets of England which are 
brought from the West Indies; various sorts of fruit are like- 
wise brought from the countries on the coast of Europe which 
could not be transported in sailing vessels, as they would not 
keep during the voyage. Oranges are sent in large quantities 
from the Havanna to New Orleans and Mobile, in the United 
States: when they are brought by sailing vessels, a large 
proportion of the cargo is lost by the destruction and de- 
terioration of the fruit; when sent by steamers, they arrive 
sound. 

The utility of an article often depends on its place. Thus, 
what is useless at one part of the world will become eminently 
valuable if transmitted to another. We have already given ex- 
amples of this in the case of agricultural manures. Others 
present themselves. Ice, at mid-winter, in Boston, Halifax, or 
St. John's, has no value ; but this ice, properly packed and em- 
barked, is transmitted to the Havanna or Calcutta, where a 
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price 18 readily obtained for it ^hich pays with profit the cost 
of the voyage. 

# Like all the other effectd of improved transport, this reacts 
andprodaces collateral benefits. The ships thus enabled to go 
to Calcutta with a cargo which costs uothlbg and produces a 
considerable profit, instead of going in ballast, which would be 
attended with a certain expense, return with cargoes which 
•gain become profitable in the port from which they sailed, and 
which they could not have bought with profit unless aided by 
the expedient just mentioned. 

Important as are improvements in the transport of the pro- 
ducts of industry, they are less so than those which facilitate 
the transport of persons. Here speed becomes of paramount 
importance. In the case of the products of industry, the time 
of the transport is represented only by the interest on the cost 
of production of the article transmitted. 

Jo the case of the transport of persons, the time of trans- 
port is represented by the value of the labor of the travelers, 
and their expenses on the road ; and as travelers in general 
belong to the superior and more intelligent classes, their time 
is proportionally valuable. 

When cheapness can be sufficiently combined with speed, 
considerable advantage is gained by the operative classes. 

The demand for labor in the several great centres of popu- 
lation varies from time to time, sometimes exceeding, and 
sometimes falling short of the supply. In the latter case, the 
a|>erative having little other capital save his bodily strength, is 
deduced to extreme distress, nay, often even to mendicancy. 

In the former case, the producer is compelled to pay an ex- 
cessive rate of wages, which falls disadvantageously on the 
aiticles produced, in the shape of an undue increase of price, 
and thereby checks coosumption. But although the equilibrium 
between supply and demand in the labor market is liable to be 
thus deranged, it rarely or never happens that it is subject to 
the same derangement in all the centred of population. Supply 
is never in excess every where at once, nor is it in all places at 
once deficient. Improvements in transport which will render 
traveling cheap, easy, and expeditious, so as to bring it within 
the means of the thrifty and industrious operative, will enable 
labor to shift its place and seek those markets in which the 
demand la, greatest.' Thus, the places wheve the supply is m 
excess will be relieved, and thoee where the demand is in ex- 
cess will be supplied. : , • 
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The extent of soil by which gifeat cities are supplied with 
perishable articles of food, is necessarily limited by the speed 
of transport. A ring of country immediately abont ngthBP 
capital, is occupied by market-gardens and other establishments 
for supplying the vast population collected in the city with theft 
commodities. The width of this ring will be determined by 
the speed with which the articles' in question can be trans- 
ported. It can not exceed such a breadth as will enable thflT 
products raised at its extreme limit to reach the centre in such 
a time as may be compatible with their fitness for use. 

It is evident that any improvement in transport which will 
double its speed will double the radius of thia circle ; an im- 
provement which will treble its speed will increase the same * 
radius in a threefold proportion. Now, as the actual area or 
quantity of soil included within such a radius is augmented, 
not in the simple ratio of the radius itself, but in the proportion 
of its square, it follows that a double speed will give a fourfijid 
area of supply, a triple speed a ninefold area of supply, and so 
on. How great the advantages therefore are, which in this 
case attend increased speed, are abundantly apparent. 

So far as relates to the transport of persons, the advantages 
of increased speed are equally remarkable. The population 
of a great capital is condensed into a small compass, and, so to 
speak, heaped together, by the difficulty and inconvenience of 
passing oTer long distances. Hence has arisen the densely 
populated state of great cities like London and Paris. With 
easy, cheap, and rapid means of locomotion, this tendency, BO 
adverse to physical enjoyment and injurious to health, is pro- 
portionally neutralized. Distances practically diminish in the 
exact ratio of the speed of personal locomotion. And here the 
same arithmetical proportion is applicable. If the speed by 
which persons can be. transported from place to place be doubled, 
the same population can, without inconvenience, be spread over 
four times the area; if the speed be tripled, it may occupy nine 
times the area, and so on. 

Every one who is acquainted with the present habits of the 
population of London, and with those which prevailed before 
the establishment of railways will perceive the practical truth 
of this observation. It is not now unusual for persons whose 
place of business is in the centre of the capital, to reside with 
their families at a distance of from fifteen to twenty miles from 
that centre. Nevertheless, they are able to arrive at theiir 
respective shops, ooimtiog-hoases, or offices, at an early hour 
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of the morning, and. to return without inconvenience to their 
residence at the usual time in the evening. Hence in all 
directions round the metropolis in which railways are extended, 
habitations are multiplied, and a considerable part of the former 
population of London has been diffused in these quarters. The 
same will, of course, be applicable to the country which sur- 
rounds all other great towns. It is felt at Paris, Brussels, and 
oth^r capitals of Europe, just in the same proportion in which 
they are supplied with railway communication. 
. This principle of diffusion, however, is not confined to the 
tpwns only. It extends to an entire country when well inter- 
sected by lines of easy, rapid, and cheap communication. 

The population* instead of being condensed into masses, is 
more uniformly diffused ; and the extent of the diffusion which 
may be thus effected, compatibly with the same degree of 
intercourse, will be, to use an arithmetical phrase, in the direct 
proportion of the square of the speed of locomotion. 

The common average of the speed of diligences in France 
and other parts of the Continent, is two leagues, or about five 
miles an hour. The speed of stage-coaches in England, before 
the establishment of railways, did not average eight miles, an 
hour. According to the principle just explained, it would fol- 
low that the same degree of intercourse could be kept up in 
England in a space of sixty-four square miles, which iq France 
could be maintained only within twenty-five square miles. 
Since the establishment of railways the average speed upon 
these hues of communication, on most parts of the Continent 
and in America, is fifteen miles an hour. By this improve- 
ment, so far as it has been carried, as compared with diligences, 
the^Orea of practical communication, or, what is the same, of 
the diffusion of the population compatible with a given degree 
of intercourse, has been augmented in the ratio of the square 
of five to the square of fifteen ; ,that is, in a ratio of twenty-five 
to two hundred and twenty-five. In other words the same 
degree of intercourse can be maintained by means of the pres- 
ent railways within an area of two hundred and twenty-five 
square miles, as could be previously maintained by diligences 
within an area of twenty-five square miles. 

But in England, where the average speed of railway transit 
is much greater, this power of diffusion is proportionally in- 
creased. Assuming the average speed on English railways at 
twenty-five miles an hour, which is less than its actual amount, 
the power of intercommunication thus obtained will bear to that 
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obtaiDod on the continent of Europe where railways are in 
operation, the ratio of the square of twenty-fire to the square 
of fifteen ; that is, of six hundred and twenty-five to two hund- 
red and twenty-five, or of twenty-five to nine. 

Thus, the English railways afford the same facilities' of t^om- 
jnunication within an area of twenty-five square miles as is 
afiforded by the continental railways within an area of nine 
square miles ; and thus, by augmenting the speed from fifteen 
to twenty-five miles an hour, the practical convenience to the 
public is augmented in the ratio of nine to twenty.five, or very 
nearly as three to one. 

The importance of good internal communications in military 
affairs has long been acknowledged. By the possession of such 
means of transport as may enable a body of troops, with their 
arms and ammunition, to be transported promptly and rapidly 
from one part of the country to another, the standing army, 
maintained as well for the purpose of order at home as for the 
defense of the frontiers* may be diminished in proportion to 
such facilities. 

Instead of maintaining garrisons and posts at points of the 
country within short distances of each other, it will be sufficient 
to maintain them at such points that they can, at need, be trans- 
ported with promptitude to any other point that may be desired. 
In case of invasion, or any foreign attack on the frontier, by 
good internal communications, the troops quartered throughout 
the interior can be rapidly transferred and concentrated upon 
the poiot attacked. 

If, however, such improvements in the art of transport facilitate 
the means of maintaining or^er at home and of defense against 
a foreign enemy, on the one hand, they also happily, on the 
other, greatly diminish the probability of a necessity for such 
expedients. »* Tie natural effect of commerce," say^ Montes- 
quieu, *^ is to tend to and consolidate peace." Two nations who 
trade with each other soon become respectively dependent. If 
one have an interest to buy, the other has an interest to sell, 
and a multitude of ties, commercial and social, spring out of their 
mutual wants. 

Nothing facilitates and develops commercial relations so 
efifectually as cheap and rapid means of intercommunication. 
When, therefore, all nations shall be found more intimately 
connected with each other by these means, they will inevitably 
multiply their exchanges, and general commerce will undergo 
great extension, mutual interest will awaken moral sympathies, 
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apd will lead to political alliances. After having for ages ap- 
proached each other only for war, peoples will henceforward 
visit each other for purposes of amity and intelligence, and old 
antipathies, national and political, which have so long divided and 
ruined neighboring states, will speedily vanish. 

But if, in spite of this general tendency toward pacific progress 
and peace, war should occasionally break out, the improved means 
of intercommunication wHl aid in bringing it to a prompt close. 
A single battle will decide the fate of a country, and the longest 
war will be probably circumscribed within a few months. 

The advantages of good means of communication In the diffu- 
sion of knowledge, and the increase of civilization by intellectual 
means, are not less considerable. While the means of inter- 
communication are slow, difficult, and costly, great cities have a 
tendency to monopolize intelligence, civilization, and refinement. 
There genius and talent are naturally attracted, while the rural 
districts are left in a comparatively rude and almost barbarous 
state. With easy and rapid means of locomotion, however, the 
best part of the urban population circulates freely through the 
country. This interfusion improves and civilizes the rural 
population. The highest intelligence will be occasionally found, 
both in public and in private, diffusing knowledge and science 
in the remotest villages. We can not now take up a London 
journal without observing announcements of men distinguished 
in the various branches of knowledge and ait, visiting the various 
towns and villages of the provinces, and delivering there lectures 
on science, and entertainments and exhibitions in the fine arts. 
So rapid are the communications, that it is frequently announced 
that this or that professor or artist will, on Monday evening, 
deliver a lecture or entertainment in Liverpool, on Tuesday in 
Manchester, on Wednesday in Preston, on Thursday in Halifax, 
on Friday in Leeds, and so forth. 

Nor is this all. The aspirations of the present generation after 
the spread of knowledge and the advancement of mind, unsatis- 
fied with a celerity of transniission so rapid by th,e railway, which 
literally has the speed of the wind, has provoked from hunian 
invention still greater wonders. The Electric Telegraph for 
the transmission of intelligence, in the most literal sense of the 
term, annihilates both space and time. The interval which 
elapses between the transmission of a message from London and 
its delivery at Edinburgh, provided the line is uninterrupted, is 
absolutely inappreciable. 

This system is now spreading throughout the ^hole civilizod 
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world. The United States of America are overspread with a 
net-work of efectricity. The President's message delivered at 
Washington, was transmitted from thence to St. Louis, on the 
confines of the state of Missouri, a distance of about 1200 miles, 
in an hour. The news from Europe arriving at Boston by the 
Cunard steamers, is often transmitted to New Orleans, over 
almost the entire territory of the United States from north to 
south, a distance of nearly 2000 miles, in less time than would 
be necessary to commit it to paper. Even the small delay that 
DOW exists arises, not from any imperfection in the instrument 
of transmission, but merely from the line of electric communi- 
cation being interrupted from point to point, and transferred 
from one system of telegraphs to another, at several intermediate 
stations. After improvements shall remove such delays as these, 
we shall probably see intelligence conveyed in an instant over a 
quadrant of the globe. 

Bat if we would seek for a striking illustration of the effects 
of the rapid transmission of intelligence by the combination of 
alt the various expedients supplied by science to art, it is in the 
practice of Journalism that we are to look for them, and more 
especially in the great enterprises of the London newspapers. 
The proprietors of a single morning journal are able to maintain 
agencies, for the transmission of intelligence to the central 
office in London, in all the principal cities of Europe, besides 
roving correspondents wherever the prevalence of war, revolu- 
tion, or any other public event exerts a local interest. These 
various agents or ** correspondents" as they are called, not only 
transmit to the centre of intelligence in London regular dis- 
patches by the mails, but also, on occasion of emergency, by 
special couriers. 

These dispatches are first received by an agent at Dover, by 
whom they are forwarded to London by a special messenger. 
But in cases where intelligence arrives of adequate importance, 
this Dover agent sends it to London, in an abridged form, by 
the electric telegraph, thus anticipating the detailed dispatches 
by about three hours. Within two hours of its arrival the in- 
telligence is in the hands of the London public. 

That portion of the journal intended for the provinces is sent 
to press at 3 a. m. ; and by the activity of the edkors, reporters, 
and compositors, all of whom work during the night, it includes 
not only the detailed reports of the Houses of Parliament, which 
often sit to a late hour in the morning, but also the foreign news 
received from Dover, as above explained, by electric telegraph. 
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This earliest impression is printed and delivered to the news- 
venders, in sufficient time to be dispatched to the provinces by 
the early railway trains, and it is thus delivered at all the stations 
along the road. 

The part of the impression intended for London circulation is 
worked off and delivered later. 

Thus we see that, by these combinations of enterprise, intel- 
lectual and material, the intelligence which arrives in London at 
3 A. M., is written, composed, printed, and distributed within a 
radius of one hundred miles round London, and in the hands of 
the population before their customary hour of breakfast. 

Even before the present improved methods of transport were 
brought into operation, Wonders in this way were effected. 

Thus, in some cases where debates of adequate public interest 
took place in Parliament in the evening, the evening mails (for 
there were then no other) carried to the provinces the first part 
of an important speech, reported and printed before the remain- 
ing part was spoken. Thus it was related that the commence- 
ment of Mr. (since Lord) Brougham*8i celebrated speech on the 
reform of the laws was read at tea-tables twenty miles from 
London before he had pronounced the peroration. 

Few of the numerous readers of newspapers have the least 
idea of the immense commercial, social, and intellectual powers 
wielded, and benefits conferred, by these daily publications, a 
large portion of which influence is to be ascribed to the cheap- 
ness, promptitude, and rapidity with which they are transmitted 
fi'om tha capital to all parts of the country. 

It is commonly estimated, that the average number of copies 
of the most widely circulating London journal which are daily 
issued amounts at present to little less than forty thousand. 
Each of these forty thousand copies, according to common 
estimation, passes libder the eyes, upon an average, of at least 
ten persons. Thus we have four hundred thousand daily readers 
of one organ of information and intelligence. But the effects do 
tiot end there. These four hundred thousand readers^ long be- 
fore the globe conipletes a revolution on its axis, become four 
hundred thousand talkers^ and have vastly more than four hun- 
dred thousand hearers. Thus they spread more widely by the 
ear the information, the arguments, and the opinions they have 
received through the eye. We shall certainly not be overstating 
the result if we assume, that this influence of a single journal, 
directly and indirectly, reaches daily a million of persons. 



CHAPTER. II. 

RETROSPECT OF THE PROGRESS OF TRANSPORT. 

In the first attempts at an interchange of the products of in- 
dustry, which mark the incipient commerce of a people emerging 
from barbarism, human labor and the strength of the inferior 
animals, applied in the most rude and direct manner to transport, 
are all the means brought into play. The peddler and the pack- 
horse perform all the operations of interchange which take place 
in an infant society. Pathways are formed over the natural 
8ui*face of the ground, in a course more or less direct, between 
village and village. The beds of streams following, by the laws 
of physicsi, the lowest levels, serve as the first indication to the 
traveler how to avoid steep acclivities, and by deviating from 
the most direct and shortest course, to obtain his object with a 
diminished amount of labor. 

As industry is istimulated and becomes more productive, inven- 
tion is brought more largely into play, and these rude expedients 
are improved. Wheel carriages are invented, but the earliest 
theatre of their operations is the immediate surface of the soil 
from which the products of agi-iculture are raised. They are 
used to gather and transport these to a place where they may 
be sheltered and secured. 

But to enable wheel carriages to serve as the means of trans- 
port between places more or less distant, the former horse-paths 
are insufficient. A more uniform and level surface, and a harder 
substratum, become indispensable. In a word, a Koad, con- 
structed with more or less perfection, is necessary. 

These roads, at first extremely rude and inartificial, and ren- 
dered barely smooth and hard enough for the little commerce 
of an infant people, are gradually improved. The carriages, 
also, which serve as the means of transport undergo like im- 
provement, until, after a series of ages, that astonishing instru^ 
ment of commerce, the modern road, results, which is carried 
on an artificial causeway, and reduced, at an enormous expense, 
to a nearly level surface by means of vast excavations, extensive 
embankments, bridges, viaducts, tunnels, and other expedients 
supplied by the skill and ingenuity of the engineer. 
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Between the pack-horse, used in the first stages of growing 
commerce, and such a road with its artificial carriages, there is 
a prodigious distance. The first step, frpm the pack-horse to 
the common two- wheel cart, was, in itself, a great advance. 

It is calculated that a horse of average force, working for 
eight or ten hours a day, can not transport on his back more 
than two hundred weight, and that he can carry this at the rate 
of only twenty-five miles a day over an average level country. 
The same horse, working in a two- wheel cart, will carry through 
the same distance per day twenty hundred weight, exclusive of 
the weight of the cart. By this simple expedient, therefore, 
the art of transport was improved in the ratio of one to ten ; in 
other words, the transport which before was effected at the cost 
of ten pounds, was, with this expedient, reduced to the cost of 
one pound* 

The adoption of expedients for the maintenance of commerce 
so obvious as roads, would seem to be inevitable among a people 
who are not actually in a state of barbarism. Nevertheless, we 
find, that not only was the construction of good roads for com-' 
mercial purposes of comparatively recent dateu but that, even 
at the present day, a very large portion of that part of the world 
called civilized is unprovided with them. With the exception 
of certain parts of Europe, the French colony of Algeria, and 
the United States, the entire surface of the world is still with- 
out this means of intercourse. 

It is calculated that, of the entire inhabited part of the globe, 
roads do not exist in more than two-sevenths. The extensive 
empire of Russia, with the exception of one or two main com- 
munications, such as that between Petersburg and Moscow, is 
without them. In general, the only practicable communications 
through this vast territory are effected in winter on the surface 
of the frozen snow by sledges. On the return of summer, when 
the snow has disappeared, the communications become extreme- 
ly difficult, slow, and expensive. Spaip is scarcely better sup- 
plied with roads than Russia, nor do we find much improvement 
in the practice of transport in Italy. Until recently, Corsica 
possessed no communications of this sort; horses and mules 
were the common m^ans of communication and interchange in 
that island until the French government constructed some 
roads. 

The roads constructed by the Romans and Egyptians will 
probably be referred to as instances of an early advance in this 
art. But these great monuments of antiquity, though serving 



Chap. H.] THE PROGRESS OF TRANSPORT. 43 

incidentally, to some extent, as means of commerce, were con- 
stracted for exclusively military purposes. 

The most ancient roads which are recorded in history, are 
those constructed by order of Semiramis, throughout the extent 
of her empire. It would seem, however, that the commerce 
of that day did not find these communications suitable to its 
objects ; for it is certain that, at the epoch at which Tyre and 
Carthage were signalized for their enterprise, their commerce 
was almost exclusively carried on by the coasting navigation of 
the Mediterranean. 

Notwithstanding the advanced stage to which civilization had 
arrived in Greece, the means of internal communication in that 
country remained in a state of great imperfection. This may 
in part be explained by the multitude of small states whidi 
formed that confederation, by their conflicting interests, and 
their want of any moral or social sympathies. The common 
sentiment of nationality slumbered, except when it was awak- 
ened by the strong stimulus of foreign attack. The intercourse 
between one centre of population and another was then very 
restrained, and although the public ways were placed under the 
protection of the gods, and the direction of the most consider- 
able men of the respective states, they were suffered to fall 
into neglect. The exigencies of internal commerce were never 
sufficiently pressing to excite the people to contribute to the 
maintenance of good means of intercommunication and exchange. 

The earliest roads which were really rendered conducive to 
the purposes of commerce on any considerable scale, were those 
constructed by the Phenicians and Carthaginians. To the latter 
is ascribed, by Isidore, the invention of paved roads. 

When imperial Rome attained the meridian of her power, 
and her einpire extended over a large portion of Europe and 
Asia, colossal enterprises were entered upon for the construction 
of vast lines of communication, extending over the immensity 
of her territory. These roads, however, like those of the 
Egyptians, were constructed without the slightest view to com- 
mercial objects. It concerned imperial Rome but little that her 
provinces should be united by commercial or social interests. 
What she looked to was to be enabled to convey with celerity 
her powerful legions, at all times, from one extremity of her 
dominions to another. With this purpose, she availed herself 
of her vast resources to construct those military roads intersect- 
ing her territory, the remains of which have excited the admi- 
ration of succeeding generations. 
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The first of these great monumeDts of the enterprise and art 
of the Roman people, were those so well known by the names 
of the Via Appia, the Via Aurelia, and the Via Flaminia. 
Under Julius Caesarf communications were made by paved 
roads between the capital of the empire and all the chief towns. 
During the last African war, a paved road was constructed from 
Spain, through Gaul, to the Alps. Subsequently similar lines 
of communication were carried through Savoy, Dauphin6, 
Provence, through Germany, through a part of Spain, through 
Gaul, and even to Constantinople. 

Asia Minor, Hungary, and Macedonia were overspread with 
similar lines of communication, which were carried to the 
mouths of the Danube. Nor was this vast enterprise obstructed 
by the intervention of seas. The great lines which term- 
inated on the shores of continental Europe were continued at 
the nearest points of the neighboring islands and continents. 
Thus Sicily, Corsica, Sardinia, and England, and even Africa 
and Asia, were intersected and penetrated by roads, forming 
the continuation of the great European system. 

These colossal works were not paths rudely prepared for the 
action of the feet of horses and the wheels of carriages, by 
merely removing the natural asperities from the surface of the 
soiU They were constructed, on the contrary, on principles in 
some respects as sound and scientific as those which modern 
engineering has supplied. Where the exigencies of the country 
required it, forests w^re felled, mountains excavated, hills lev- 
eled, valleys filled up, chasms and rivers bestridden by bridges, 
and marshes drained, to an extent which would suffer little by 
comparison with the operations of our great road-makers of 
modern times. 

On the fall of the empire, these means of communication, in- 
stead of subserving the purposes of the commerce of the people 
through whose territory they were carried, were, for the most 
part, destroyed. When the barbarians conquered Kome, and 
a multitude of states were formed from its ruins, the victors 
shut themselves up, and fortified themselves in these several 
states, as an army does in a citadel ; and, far from constructing 
new roads, they destroyed those which had already existed, as 
a town threatened with siege breaks those communications by 
which the enemy may approach it. 

From this epoch, through a long series of ages, the nations 
of Europe, animated only by a spirit of reciprocal antagonism, 
thought of nothing but war, and entered each other's territories 
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only for the purposes of conflict. The history of the inter- 
€om[nuDicatioD» of nations during the middle ages is only a 
history of their wars. 

When Europe emerged from this state, and when commerce 
began to force itself into life, its operationB were in a great 
measure monopolized by Jewish and Lombard merchants, who 
carried them on subject to the greatest difficulty and danger. 

The provincial nobles and lords of the soil, through whose 
possessions the merchants necessarily passed, in carrying on 
the internal commerce of the country, were nothing better than 
highway robbers. They issued with their bands from their 
castles, and arrested the traveling merchant, stripping him of 
the goods which he carried for sale. 

The sovereigns of France endeavored in vain, by t)enal enact- 
ments, to check this enormous evil. Dagobert I. established a 
sort of code to regulate the public communications through his 
dominions, and decreed heavy fines against such provincial lords 
as might obstruct the freedom of communication, by interrupting 
or plundering travelers. These decrees, however, remained a 
dead letter, no adequate power in the state being able to carry 
them into practical effect. 

Under the successors of Charlemagne, this abuse, which it 
was found impossible to repress, was in some measure recog- 
nized and regularized. Tolls of limited amount were allowed 
to be exacted by the local proprietors from those who passed 
through the pi'ovinces for purposes of trade, on the condi- 
tion that such travelers and merchants should be otherwise un- 
molested. 

The prevalence of all these vexatious impediments soon ren- 
dered intercommunication by land almost impracticable. The~ 
roads, such as they were, became accordingly deserted, and 
were suffered to fall into utter disrepair. During a series of 
ages, internal communication and internal commerce became 
almost suspended ; a journey even of a few leagues being re- 
garded as a most serious and dangerous undertaking. 

The crusades had a favorable influence on the art of transport. 
The population of Western and Northern Europe became by 
them acquainted with the productions and arts of the East. 
New desires were excited, and new wants created. Commerce 
was thus stimulated, and greater facility of intercourse becom- 
ing necessary, governments were forced to adopt expedients for 
the security of the traveler. 

The same difficulties and dangers did not, however, affect 
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navigation. We find this art developed in a much higher degree 
than that of internal commerce. Hence arose the dispropor- 
tionate commercial opulence of maritime people. The British, 
the Dutch, and the Portuguese rose into immense commercial 
importance, as well as the Genoese, the Tuscans, and the 
Venetians. 

Even so late as the middle of the seventeenth century, the 
roads throughout the Continent continued in a condition which 
rendered traveling almost impracticable. 

They are described by writers of this epoch as being absolute 
sloughs. Madame de Sevigny, writing in 1672, says, that a 
journey from Paris to Marseilles, which by the common roads 
of the present day is effected in less than sixty hours,* required 
a whole month. 

Besides the material obstacles opposed to the growth of in- 
ternal commerce on the Continent by the want of roads in suf- 
ficient number, and the miserable state of those which did exist, 
other impediments were created and difficulties interposed by 
innumerable fiscal exactions, to which the trader was exposed, 
not only in passing the confines of different states, but even 
in going from province to province in the same state, and in 
passing through almost every town and village. Hence the cost 
of every commodity was enormously enhanced, even at short 
distances from the place of its production. 

The disorganization of society and the destruction of the 
institutions of feudalism which followed the French Revolution 
of 1789, caused some improvement in the means of inteihna] 
commerce in Europe, and would have caused a much greater 
development in this instrument of civilization, but for the wars 
which immediately succeeded that political catastrophe, and 
which only terminated with the battle of Waterloo. 

Indeed Napoleon, conscious of the vast importance of a more 
complete system of roads, had actually projected one, which he 
intended to spread over Europe. His fall, however, intercepted 
the realization of this magnificent design, and the Simplon re- 
mains as the only monunient of his glory in this department of 
art. 

After the re-establishment of peace, the nations of Europe, 
directing their activity to industry and commerce, soon became 
impressed with the necessity of effecting a great improvement 

* The projected railway from Paris to Marseilles is not completed 
at the time of writing these pages. (October, 1849). 
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in the meaos of internal commanication. Western Europe, 
accordingly, soon began to be covered Mfith roads and canals. 
The obstructions arising from fiscal causes, if not removed, 
were greatly diminished. 

The advance made by France, especially, in this department, 
is deserving of notice. That country possesses at present four 
or five times the extent of roads which were practicable under 
the Empire; a sum of nearly four millions sterling was, until 
lately, expended annually upon the conot^letion and maintenance 
of these great lines of communication. 

The roads of France consist of three classes ; the first, until 
the late revolution, were called royal roads, and are now called 
national roads. These are the great aiteries of communication 
carried from one chief town to another throughout the territory, 
and being used indifferently, or nearly so, by the whole popula- 
tion, are constructed and maintained at the general expense of 
the nation. The second class are departmental roads, or what 
would be called in England county roads. These are chiefly 
the branches running into the royal roads, by which the local 
interests of the departments are served, and are accordingly 
maintained at the expense of the departments. Finally, the 
third class is called vicinal roads, which would correspond to 
our parish roads. 

The rate at which these improved communications have con- 
tributed to augment the internal commerce and national wealth, 
may be estimated in some degree from the statistical results 
which have been published. In 1810, the various stage-coach 
establishments in Paris transported each day from the capital 
into the departments, two hundred and twenty passengers, and 
twenty-one tons of merchandise. Before the establishment of 
railways, they transported nearly one thousand passengers and 
forty-five tons of merchandise. Thus the passengers were aug- 
mented in a fourfold, and the merchandise in a twofold propor- 
tion. 

In 1815, the length of roads in operation in France was tm 
follows : there were three thousand leagues of royal roads, and 
two thousand leagues of departmental roads. In 1829, there 
were four thousand two hjundred and five leagues of royal roads, 
and three thousand leagues of departmental roads. In 1844, 
there were eight thousand six hundred and twenty-eight leagues 
of royal roads, and nine thousand one hundred and forty-six 
leagues of departmental roads, independently of twelve thou- 
sand leagues of vicinal roads* Thus, it appears that between 
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1815 and 1844, the total length of roacU of the first and second 
classes was augmented from five thousand leagues to nearly 
eighteen thousand, or in the proportion of three and a half to 
one. 

Although the practice of road making in England attained a 
certain degree of perfection at a much earlier period than in 
other parts of Europe, and the united kingdom was overspread 
with a noble network of internal communications, while conti- 
nental Europe remained in a comparatively barbarous condition, 
the art of transport nevertheless, even in England, remained 
for a long series of ages incalculably behind what would seem 
to be the commercial wants of the population. 

The first English roads of artificial construction were those 
made by the Romans, while England was a province of that 
empire. The island was then intersected by two grand trunk 
roads ininning at right angles to each other, the one from north 
to south, and the other from east to west. 

These main lines were supplied with various branches, ex- 
tending in every direction which the conquerors.fonnd it expe- 
dient to render accessible to their armies. 

The Roman road called Wdtling Street commenced from 
Richborough, in Kent, the ancient Ruterpiac, and, passing 
through London, was carried in a northwesterly direction to 
Chester. The road called Ermine Street commenced from 
London, and, passing through Lincoln, was carried thence 
through Carlisle into Scotland. The road called the Fosie-way 
passed through Bath in a direction N.E., and terminated in the 
Ermine Street. The toad called Ikenald extended from Nor- 
wich in a southern direction to Dorsetshire. 

But these great works, at the date of their construction, ex- 
ceeded the wants of the population, who, unconscious of their 
advantage, allowed them to fall into neglect and disrepair. Nor 
were any new roads in other or better directions constructed. 
For a succession of ages the little intercourse that was main- 
tained between the various parts of Great Britain was effected 
almost exclusively by rude footpaths, traversed by pedestrians, 
or at best by horses. 

These were carried over the natural surface of the ground, 
generally in straight directions, from one place to another. Hills 
were surmounted, valleys crossed, and rivers forded by these 
rude agents of transport, in the same manner as the savages 
and settlers of the backwoods of America or the slopes of the 
Rocky Mountains now communicate with each other. 
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The first important attempt made to improve the communica- 
tiona of Great Britain took place in the reign of Charles II. In 
the sixteedA year of the reign of that monarch waa established 
the first tornpifee road where toll was taken, which intersected 
the counties of Hertford, Cambridge, and Huntingdon. It long 
remained, however, an isolated line of communication ; and it 
was little more than a century ago that any extensive or effect- 
ual attempts were made, of a general character, to construct a 
good system of roads through the country. 

Until the middle of the eighteenth century, most of the mer- 
chandise Which was conveyed from place to place in Scotland 
was transported on pack-hoi'^es. Oatmeal, coals, turf, and even 
hay and straw, were carried in this manner through short dis- 
tances; but when it was necessary to carry merchandise ber 
tween distant places, a cart was used, a horse not being able to 
transport on his back a sufficient quantity of goods to pay the 
coat of the journey. 

The time required by the common carriers to complete their 
Journey seems, when compared with our present standard of 
speed, quite incredible. Thus, it is recorded that the carrier 
between Selkirk and Edinburgh, a distance of thirty-eight miles, 
required a fortnight for his journey, going and returning. The 
road lay chiefly along the bottom of the district called dala- 
water i the bed of the stream, when not flooded, being the ground 
chosen as the most level and easy to travel on. 

In 1678, a contract was made to establish a coach for passen- 
gers between Edinburgh and Glasgow, a distance of forty-four 
miles. This coach was drawn by six horses, and the journey 
between the two places,, to and fro, was completed in six days. 
Even so recently as the year 1750, the stage-coach from Edin- 
burgh to Glasgow took thirty-six hours to make the journey. 
In this present year, 1849, the same journey is made, by a 
route three miles longer, in one hour and a half! 

In the year 1763 there was but one stage-coach between 
Edinburgh and London. This started once a month from each 
of these cities. It took a fortnight to perform the jouroej.. At 
the same epoch the joutney between London and York required 
four days. 

In 1835 there were Seven coaches started daily between 
London and Edinburgh, which performed the journey in less 
than forty-eight hours. In this present year, 1849, the same 
journey is performed by railway in twelve hours ! 

In 1763, the number of passengers conveyed by the coachet 

C 
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between Lundan and Edinburgh could not hava exceeded about 
twenty-fiio monthly, nnd bj all meanH of coavejnuce whatever 
did uot eKceed fifty. In 1835 tbe coaches alone conveyed be- 
tween these two cBpicals ftboul one hundred and forty passen- 
gers daily, or four thousand monthly. But besides these, bSv- 
ernl ite am- ships, of onoriuoua magnitude, »iail ad weekly between 
the two places, supplying nil the accomniodntion Bad luxury of 
doBT.ing hotels, nOd completing the voyagu at the earoe rate as 
the coocbes, in leas than forty-eight hours, 

A.B these Btenm-shiilB conveyed at least ns many passengeia 
ns the conches, we may estimnte the actual number of passen- 
gers transported between the two places monthly at eight thou- 
sand. Thus tlie IntercourBo between London and Edinburgh 
in 1S35 was one hundred and sixty times greater than id 1763. 

At present the intercourse is increased in a much higher 

ir&tio. by the improved facility ftnd greater cheapness of railway 
transport. 

' Arthur Yonagi who trnveleil in Lancashire about the year 
11'70, has left us id his Tour the following account of the state 
tA the roada at that time. "I know not," be says, "in the 
iirhole range of language, terms sufficiently exprefsslve to de- 
scribe this infernal road. Let me most sm'iout<ly cnution nil 
travelers who mny accidentally propose to travel this terribla 
country to avoid it as they would the devil, for u thouaaod to 
one they break their necks or their limbs by overthrows or 
breakings down. They will here meet with rntei which I 
actually measured, four feeC deep, and floating with, mud, only 
from ft wet summer. What, therefore, must it be after a win- 
ter? The only mending it receives is CumbUn^ in some loose 
atones, which serve no other purpose than jolting a carriage iu 
the most intolerable manner. These are not merely opinions, 
but facts; for I actually pnssed three carts broken down in 
those eighteen miles of execrable memory." 

-And again he says (speiiking of a luiTipike road nenr War- 
rington, DOW supersedod by the Grand Junction Railway), 
"This is a paved road, most infamously bad. Any person 
would imagine the people of the country had made it with a 
view to immediate destruction! for the breadth isonly suflicioot 
for one carriage ; consequently it is cut at once into rats ; and 
yon may easily conceive what a break-ddWDi dislocating road, 
ruts cut through a pavement must be-" 

N'lr was the stale of the roads in other parts of the iforth of 
England bettor. He sayB of a road nenr Newcnslle, now floper- 
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seded by railway, «* A more dreadful road can not be imagined. 
I was obliged to hire two men at one place to support niy chaise 
from overturning. Let me persuade all travelers to avoid this 
terrible country, which must either dislocate their bones with 
broken pavements, or bury them in muddy sand. It is only bad 
management that can occasion such very miserable roads in a 
country so aboanding with towns, trade, and manufactureB." 

Now it so happens that the precise ground over which Mr. 
TouDg traveled in this manner less than eighty yean ago, is at 
present literally reticulated with railways, upon which tens of 
thousands of passengers are daily transported, at a speed vary- 
ing from thirty to fifty miles an hour, in carriages affording no 
more inconvenience or discom&rt than Mr. Young suffered in 
1770, when reposing in his drawing-room in his arm-chair. 

Until the dose of the last century, the internal transport of 
goods in England was performed by wagon, and ^as not only 
intolerably slow, but so expensive as as to exclude every object 
except manufactured articles, and such as, being of light weight 
and small bulk in proportion to their value, would allow of a 
high rate of transport. Thus the charge for carriage by wagon 
from London to Leeds was at the rate of d£13 a ton, being 
lZ^d» per ton per mile. Between Liverpool and Manchester 
it was forty shillings a ton, or I5d, per ton per mile. Heavy 
articles, such as coals and other materials, could only be avail- 
able for commerce where their position favored transport by 
sea, and, consequently, many of the richest districts of the king- 
dom remained unproductive, awaiting the tardy advancement 
of the art of transport. Coals are now carried upon railways 
at a penny per ton per mile, and, in some places, at even a 
lower rate. Merchandise, such as that mentioned above, which 
was transported in 1763 at from 14(£. to 15d. per mile, is now 
carried at from 3d. to 4c?., while those sorts which are heavier 
in proportion to their bulk, are transported at 2jd, per ton per 
mile. 

But this is not all : the wagon transport formerly practiced 
was limited to a speed which in its most improved state did not 
exceed twenty-four miles a day, while the present transport 
by railway is effected at the rate of from twelve to fourteen 
miles an hour. 



CHAPTER III. 

THE dROAinZATION OF A RAILWAY AI>MIlfI8TRATI9ir. 

The organization of the administrative machinery necessary 
for the coodact Of the practical basiness of a railwayi or |i sys- 
tem of railways, brought under a common direction and manage- 
ment, inclades the following four principal departments or 
services, more or less distinct firom, and independent of each 
other. These are-^- 

Ist. The service of the way and works* 

2d. The iervice of the draft. 

3d. The Service of carriage. 

4th. The service of the stations. 

Each of these departments has its separate staff, machinery* 
and stock. 

The «« service of the way and works" consists in the due 
maintenance and repair of the road structure, including railst 
chairs, sleepers, ballasting, dnuns, the slopes of the embank- 
ments and cuttings, and the works of art, such as bridges, tun- 
nels,, and viaducts, the gates of level crossings* and, in a word* 
all that is necessary for the due maintenance of the line in a . 
fit state to bear the rolling stock and traffic which pass over it. 
For this purpose a staff of superintendents, engineers, artificers* 
and operatives of various grades and classes, is necessary. 

In the «* service of draft" is included the entire staff of en- 
gineers and operatives employed in the maintenance, repair, 
management, and working of the locomotive stock, consisting 
of engines and tenders, with all their accessories, and including 
the means of cleaning and repairing them — sheds, workshops, 
tools, &c. — and due means for the supply of water and fuel. 
In this department is included, also, all the means provided by 
the establishment for the reproduction of the stock as it is 
worn. 

In the *' service of carriage" is comprehended all that is 
necessary for the proper preservation, management, and repair 
of the coaches used for the passenger ti*af!ic, the hor^e-boxes, 
b<^gg<^go~^^DS, parcel-vans, and carriage-trucks, with all the 
accessories necessary for their maintenance, cleaning, and re- • 
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pair, and also all that appertains to the maintenance, clean- 
ing, and repair of the wagober of every desi^ription used in ttie 
goods department. ~ 

The «• service of the stations " consists of the staff of clerks, 
porters, and others, supplied wkh all the necessary means for 
the reception, weighing, booking, and embarkation, and for the 
disembarkation, discharge^ and delivery of the passengers, bag- 
gage, and goods, of every class and description, which are trans- 
ported on the road, together with the maintenance and repairs 
of the bnildings in which the^ stations are established, consisting 
of booking-offices, baggage and parcel-offices, passenjg^rs' wait- 
ing-rooms, sheds, warehoDses . for the reception of goods, and 
the entire furniture and machinery necessary for the embark- 
ation and disembarkation of passengers, baggage, and goods. 

Each of these services is attended with «rrangenients of more 
or less complexity and importance, which it is necessary to ex- 
plain in detail, and to reduce to such order and arithmetical 
statement as may supply the means of comparing the opera- 
tions and resists of different railwiiyB one with another, and the 
performances of the same railway with itself, during different 
and successive epochs. We shall, therefore, consider sucoes- 
sively each of the above service** 



CHAPTER IV. 

THE WAT AND WORKS. 



TflE subject of the maintenance of the way and works in- 
volves the consideration of different kinds and degrees of wear 
and tear : ' v, 

■ Ifit. That wear and tear which, taking place at short intervals 
of time, is repaired and made good annually. 

2dly. That wear and tear of the fixed materials which, 
though not strictly speaking insensible, takes place in a maiinet 
which does not admit of annual repair, and which, accumula- 
ting from year to year, after a period of greater or less duration, 
roust render necessary the complete reconstruction and repro 
duction of the materials so worn. 

3dly. That wear and tear which, being due to the slow 
operation of time acting upon the more solid structures, pro- 
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daces an effect altogether 'iDsensible when obsenred tluroogb 
short periods, but which, after a long iDterval of time, such, for 
example, as centuries, must necessitate the reconstructioQ of] 
some or all even of the most solid structures. 

These changes may not unaptly be assimilated to the penod- 
ical and secular inequalities which take place in the moYemoDts 
of the great bodies of the universe. 

The operation of time upon the more massive works of art 
upon the railway, such as the bridges, tunnels, viaducts, &c., 
afford examples of what may be called the secular wear and 
tear. The more ra||)id and visible deteripration, which is^inade 
good. by repairs or reconstruction effected at shorter intervals, 
is analogous to the periodic inequalities. 

In the annual repairs is included the casual damage which 
the exterior of the mere solid and durable works may from 
time to time sustain ; but, independently of these repairs, age 
produces its effects even on these structures, and an epoch 
must arrive, however remote it be, at which they would be re- 
duced to a state which will necessitate their reconstruction. 

For financial and economical purposes such an epoch is, per- 
haps, too remote to render it necessary to bring it into practical 
calculation, and therefore it need here only be noticed in passing. 

It might be expected that the annual repairs would, in the 
commencement of a well-constructed railway, amount to little, 
and that, as the establishment advances in age, they would in- 
crease. 

The result of experience, however, shows the .effects to be 
to some extent contrary, the annual repairs for the first years 
being invariably greater than at a later epoch. 

The cause of this is easily explained. 

In a newly constructed railway the earth works are fresh and 
uncunsolidatec), the embankments have had no other means of 
acquiring solidity than the gravity of their own materials, and 
the work of their own construction which has been conducted 
upon them. .^ 

When the road gets into operation, the trafiSc which is car- 
ried over the embankments gradually consolidates them. ^This 
produces a corresponding subsidence in the substratum of the 
road, and a consequent derangement of the position and level 
of the rails. Such derangement requires to be continually 
redressed, and this rectification .will require to be constantly 
made until, after an interval of more or less duratioOt accord- 
ing io the materials composing the embankments, and the 
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uroouDt of traffic earned over them, a,, complete, consolidatibn 
takes place. 

Although the same observations do not apply with equal 
force to the euttiogs, they are^ nevertheless applicable to them 
in a modified sense. When the natural bed of the road con- 
sists of solid and dry materials, the superficial structure, when 
once properly laid, will retain its position; but when the natu- 
ral soil through which the cutting is carried, and upon which 
the road materials rest, is 90ft or yielding, then similar effects to 
those already described in the case of the embankments ensue. 
Perhaps, iu strictness of lailguage, those operations which 
take place after the railway has been brought into use ought 
not to denominated repairs, but should be considered as an 
essential part of the construction of the -railway, and in the 
financial accounts should be debited to capital, and not to reve- 
nue, not being expenses due to wear and tear, or to tiie legiti- 
mate operations of the traffic, but to the original and inevitable 
incompleteness of the construction of the line. 

In like manner, in a newly constructed railway, the slopes 
both of the cuttings and embankments are liable to occasional 
slips, a term expressing the falling down of portions of/the^ 
earth which forms the surface of these slopes. 

In the case of cuttings, the earth which thus slips sometimes 
falls upon the road so as to obstruct the traffic, and it is there- 
fore necessary to have means at hand at all times for its imme- 
diate removal. 

In the case of embankments, these slips leave the crown of 
the embankment, constituting the road structure, with imper- 
fect support, and they require therefore to be immediately 
repaired. 

After wet weather, or during the vicissitudes of frosts and 
thaws in winter, such effects frequently ensue. 

After, however, the road has been in operation for a spfficieat 
length of time, the slopes of the cuttings and embankments be- 
come more or less covered with Vegetation, which forms a sort 
of skin or coating, giving security and permanence to their 
surface. 

The chief objects, however, of the annual repairs of a rail- 
road are the iron and wood-work, which form the immediate 
materials of the road structure-^the sleepers, chairs, pins, and 
rails. 

Whatever care or skill may be used in the fabricatbn of these 
materials, and however severe the proofs to which^ they may 
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have been subjected before being kid upon the road, they will 
be found in practice to be liable to casual defects, in consequence 
of which failures and fractures will from time to time take p]a;:e. 
Individual sleepers will prove unsound, apd exhibit premature 
decay ; chairs will be fractured, pins displaced, raila exfoliated 
or broken. In all these cases, the broken or failing materials 
have to be removed and replaced by sound ones. 

So far as these repairs depend on casual defects and flaws, 
their number and extent will be greater in the comn>encement 
of the operation of a railway than later ; but, on the other hand, 
as the regular wear and tear of the road structure proceeds, 
its natural strength will be proportionally diminished, and the 
chances of fracture and failure multiplied. 

It therefore oflen happens that this class of repairs, consider- 
able witbia the first years, becomes less later, and later still in- 
creasy ; its excess at first being ascribable to casual and undis- 
covered defects and flaws, and its e^ftess at a later epoch being 
due to the deterioration and diminished strength of the materials. 

But, independently altogether of these annual repairs, which 
arise from the casual fracture and failure of the road structure, 
the rails and other iron-work of the road are subject to a gradual 
and slow, but not insensible wear and tear, arising from the con- 
tinual operation of the vehicles rolled upon the road. Not one 
of these vehicles passes over a rail without detaching from its 
surface more or less of the metal which composes it ; and when 
the enormous number of these vehicles which passrover a rail- 
way in active traffic is considered, the wonder will be, not that 
the f'ails are subject to wear, but that their durability Is as great 
as it proves to be. Yet strange to say, the prevalent opinion, 
countenanced and supported by the most eminent practical en- 
gineers, was, until a late period, that the duration of a railway 
was secular, and that the wear and tear of the rails was so 
utterly insensible, that for all practical, financial, and econom- 
ical purposes, it might be totally disregarded. Thlis, it was said, 
that the rails of a properly laid line would last from one hundred 
to one hundred and fifty years. Such statements are examples 
of how. small valuQ. are opinions of practical men not based upon 
their own immediate experience. 

The only sure ground on which to calculate the average 
duration' of the life of the mils would be from a careful record 
of the effects observed on railways under traffic for periods of 
time of sufficient length ;' but for this we should possess more 
extended experience than railways have yet furnished. • 
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The modern railway may be, dated from the opening of the 
Irfiverpool and Manchester line in 1830. Its duration, conse- 
quently^ has not yet covered a space of twenty years. Unless, 
therefore, the average life of the Irails were less than twenty 
years, we could not determine as yet its deration from the im- 
mediate results of experience. No rails, in fine, have yet lived 
out their natural lives. 

In the absence, however, of the direct evidence of experience, 
we may reason from analogy. 

If, for examine, the rails originally laid down on some of the 
lines first brought into operation be taken up and weighed, their 
weight having been accurately ascertained at the time they were 
laid, their loss of weight might be determined. The^ traffic 
which has passed over them might also be ascertained. 

The cause and effect would thus be brought inte immediate 
juxtaposition, and we should possess data, by wfaictf the, wear 
and tear of a rail, produced by a given amount of traffic passing 
over it, might be koowo. This being determined, the only 
^question remaining would be, what loss of weight a rail must 
sustain before it would be necessaiy to replace it by a new 
one. . 

The circumstunces attending the construction and operation 
of this railways hitherto established have, however, throwti great 
difficulties in the way of such ah inquiry. When the railways 
were first projected, the amount of traffic which they were 
destined to bear was not foreseen ; still less was it known with 
what speed such traffic must be carried, or by what description 
or weight of engine it should be propelled. Nevertheless, all 
these circumstances vitally affected the duration of the rail. 
The engineers who constructed the roads were therefore obliged 
to provide a structure endowed with strength for a traffic un- 
known in amount. The conditions of weight and strength to 
be imparted to the rails were altogether conjectural. 

The first railway for passenger traffic with locomotive engines 
was accordingly laid between Liverpool and Manchester, with 
rdils of the description called fish-bellied, now out of use, weigh- 
ing 35 lbs. per yard. The strength of these was at the time con- 
sidered great to superfluity, and this form was regarded as emi- 
nently favorable to their ddrabifity. 

Experience soon proved their weight to be utterly insufficient, 
and their form to biB a source of weakness. 

The first engine run upon the line thus constructed Weighed 
7^ tons, including the -teflder. ' 
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It was soon found, however, that engioes of this power were 
altogether iDSufficient for the traffic, which increased beyond all 
the estimates of the projectors of the line. 

The capability of speed developed by the locomotive engine 
also vastly exceeded all previsions, and the appetite of the public 
for even augmented expedition appeared to increase with what 
fed it. Increased speed required increased power, and in- 
creased power necessarily inferred increased weight. It was, 
accordingly, not long before the weight of the engines was suc- 
cessively augmented to 10, 12, and 15 tons; and now there is 
actually an engine on one of the English railways which, with 
its tender, water, and fuel, weighs about 60 tons; and in the 
service of a single company there are at present more than 36 
engines, weighing, with their tenders, about 40 tons each. 

The weight of the carriages underwent a corresponding, 
though not proportionate increase* The first carriages placed 
on the i^lways weighed from 3 to 3^ tons ; their weight now 
sometimes exceeds 4^ tons. 

The strength and weight of the goods wagons have under- 
gone a like increase. - 

But these we^e not the only circumstances which rendered 
the rails originally laid inadequate in strength. The quantity 
of traffic, and its speed, were gradually increased fiir beyond 
any limit which had entered into the contemplation of the en- 
gineers who projected and constructed the roads. Thus the 
average speed of the passenger trains, which in 1831 was 17 
miles an hour* was gradually increased, until in 1848 it was 30 
miles an hour; white the speed of the fastest. trains, ^which in 
1831 was 24 nules an hour, was in 1848, on the Liverpool and 
Manehester liae^ 40 miles an hour, and on the Grand Junction 
and the Liverpool and Birmingham, $0 miles an hour. 

In 1837, the number of trains per day which arrived at and 
departed from the Stafford station, on the Grand Junction line, 
was 14; in 1848 it was. 38. The number of trains per day 
which arrived at and departed from the. £u8ton-square station 
of the Birmingham line in 1837 was 19 ; in 1848 it was 44. 

In fine, the number of trains per day arriving at and depart- 
ing from the Liverpool terminus of the Liverpool and Manches- 
ter Railway in 1831 was 26 ; in 1848 it was 90. 

A corresponding augmentation took place in the weight of the 
trains. In 1831, the average weight of a passenger train i en- 
gine ahd tender incladed, was 18 tons. In ]848v the average 
^yeight of the englne-fnd tender alone was considerably above 
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20 tons; aod the average weight of the passenger trains, include 
ing the engine and tender, exceeded 75 tons. 

In 1831, the average weight of a goods train, including engine 
and tender, was 52 tons; in 1848 it varied from 160 to 176 
tons.* 

Thus the number of trains on some railways was augmented 
150, on others 250 per cent.; the weight of the engin.es was 
increased 114 per cent.; the weight of the carriages 30 per 
cent. ; the average ispeedl about 90 per cent. ; and the average 
weight of the trains 350 per cent. 

For such increased work the rails originally laid down at 
35 lbs. a yard would have been totally inadequate, and they 
were accordingly soon replaced by others which weighed 50 lbs. 
These, again, under the gradually increasing traffic, being found 
insufficient, were taken up, and successively replaced by rails 
weighing 62 lbs. and 65 lbs. These were succeeded by others 
weighing 72 lbs. and 75 lbs. ; and the latest rails laid down have 
weighed 85 lbs. 

These changes were not made suddenly. The weight and 
strength of the permanent way were gradually ii^reased» under 
the gradually mcreasing traffic^ and, at present, the- principal 
railways exhibit a motley arrangement of rails of various weights, 
the lightest being 60 lbs. and the heaviest 85 lbs. per yard. 

Thus, on 438 miles of railway, placed under the direction of 
the Northwestern Company, there .were, at the commence- 
ment of the present year (1849), about 150 miles laid down 
with rails of 75 lbs. per yard, 100 miles at 65 lbs. per yard, and 
the remainder, in detached lengths varying from 60 to 70 miles, 
with rails of weights varying from 60 lbs. to 85 lbs* per yard. • 

In a joint report of Messrs. Stephenson and Locke, dal^ 
April, 1849, the bompany is recommended to adopt for the future 
the heaviest description of rails, v^z., 85 lbs. per yard. 

The mode originally adopted for supporting the rails was 
upon square blocks of stone, measuring 2 ft. in the side and 1ft. 
in depth, upon which a cast iron chair was fastened by wooden 
pegs driven into holes bored in the stone block, the rail being 
fixed in the chair by an iron pin. 

After a time, these stone blocks were superseded by trans- 
verse beams of wood called sleepers, which served at once a» 
supports for the chair and rails, and as ties for keeping the rails 
in gauge. 

* Report of Captain Huish, manager of the Northwestern Railway. 
London, 1849. • ,f , 
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The material selected for these sleepers, when first used, 
was larch, which was considered to he the most durable wood 
for the purpose, next to oak. 

Later, the timber used for sleepers was prepared by impreg- 
nating it with certain saline substances, by a process variously 
denominated, according to the principle and mode of impregna- 
tion. Sleepers of soft wood thus prepared were regarded as 
having a durability equal to that, of oak. 

It has recently been proposed to substitute sleepers of cast 
iron for those of wood, and the plan has been already reduced 
to practice on a large scale. 

The distances between sleeper and sleeper were subject to 
as much variation as were the strength and weight of the rails. 
At first, the sleepers were placed at 3ft. asunder; the distance 
was afterward increased from 3 to 5ft., according ix) the weight 
of the rails ; and at present the rails are variously laid on sup- 
ports at 3 ft., 3 ft. 6 in., 3 ft. 9 in., 4 ft., and 4 ft. 6 in. asunder. 

The cubical magnitude of the sleepers has been subject to 
siihiTar changes, according to the increasing amount of the traffic. 

When these rapid and successive chdngesj spread over so 
brief a period as twenty years, are considered, it will be eadily 
understood how difficult a problem is the solution by analogy of 
the average life of a rail. No rails hitherto laid down have ever 
been, strictly speaking, worn out. They have bee^ successively 
taken up and replaced, not because they were worn out, but 
because theti* strength was insufficient for the increasing amount 
and speed of the traffic, and the consequently augmented weight 
of the engines. 

If rails, selected in sufficient nuniber, and in positions suf- 
ficiently various, had been accurately weighed when first laid 
down, and the amount and speed of the traffic passing over them 
had been accurately recorded, and if, after a sufficiently pro- 
tracted interval, these rails had been taken up and weighed, the 
loss of weight corresponding to the traffic would have been 
ascertained ; but directors and engineers were too actively 
engaged in the practical working of the lines, and too deeply 
involved in the presiBut interests of their respective concerns, 
to give themselves much trouble about a problem which was 
regarded as affecting the interests of their remote successors 
rather than their pwn. Few scientific men devoted themselves 
to these practical questions, and those few could scarcely ex- 
pect that the directors of railways would allow their current 
bosmess to be interfered with by experiments and observations, 
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iMA woiiid n^esfmrily involve- labor, eost, inc(HiTenieDce, and 
even the danger of the temporary displacement of the rails. 
The prqiblem was therefore left, without solution, to vague con- 
jecture. > 

In Belgium, where the railwigr system was iSrst adopted on 
the Continent, it wfts placed under the superintendence of the 
government, and was therefore in circumstances more favorable 
to the investigation>of question^ having an interest more remote 
than immediate. We find, accordingly, in the Yifficial reports 
of the Belgian railways, observations on the circumstances which 
determine the duration of the permanent way, which throw 
considerable light on this point; 

The durability of the sleepers depends solely upon their in- 
trinsic qualities, without reference to the traffic carried on upon - 
the road. Their deterioration* is produced- by the gradual de- 
struction of the timber, by the vicissitudes of moisture 'and 
temperature to which it is exposed. The sleepers of the Bel- 
gian railways are partly of oak and partly of white wood. 

The average duration of the white wood sleepers has been 
found not to exceed eight years, but the duration of oak sleepers, 
though much more considerable, does sot appear to be ascer- 
tained with the same accuracy. Th<ii average duration of the 
entire system of Sleepers used on. Ilese lines, partly white 
wood and partly oak, has been found, however, from observa- 
tioDs of sufficient extent and accuracy, to be twelve years. No 
sleepers impregnated with cliemical principles have been used 
on these lines. 

It appears to be the result of experience that the sleepers do 
not all perish at the same rate, but that a portion, require to be 
replaced year by year ; and the experience of the Belgian lines 
shows that each year about eight per cent, of the sleepers are 
renewed. Thus, in the course of twelve years, by the gradual 
annual repairs, all the sleepers, are renewed. 

Calculations have been made by the Belgian engineers as to 
the economical advantages derivable from the use of oak sleepers 
exclusively, instead of the more perishable description of wood. 
The result of this calculation was, that the ultimate cost is 
nearly the same, whether the sleeper used be more perishable 
and cheaper, or more durable and dearer, the increased expense 
being very nearly equal to the augmented durability. These 
calculations^ however, must vary in their results, according to 
local circumstances, and according to the market price of the 
material of the sleepers. 
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The darability of the rails, on the other hand, it altogether 
independent of time, and exclusively consequent on the quantity 
of work which they have perfor-med. Rails, laid under v-arious 
circumstances, and in various positions, on the Belgian railways, 
have been previously weighed with great accuracy, and, being 
taken up after the lapse of a certain time, have been again 
weighed, and the loss of weight ascertained, the quantity of 
work performed meanwhile having been accurately recorded. 
The result of these observations has been, that, taking into ac- 
count' the wear and fracture of the rails, a railway composed of 
wellr manufactured rails, weighing 27 kilogramme^ per current 
metre, which is equal to 55^ lbs. per yard, and giving passage 
annually to 3000 trains, of 14 coaches or wagons per train, 
would last 120 years before it required to be relatd. 

The rails from whiph these calculations have been deduced 
were of £nglish manufacture, and they were taken in every 
variety of position which could be supposed to influence the 
rate of their wear, Thus, some were taken near « station 
where the action of the brake in stopping the trains, and the 
action of the driving-wheels in starting them, necessarily, aug- 
mented the wear ; some were taken at an intermediate position 
between station and station, where such causes did not operate ; 
some were taken on ascending and some on descending gradi- 
ents, so as te e^ace from the calculation, by the various condi- 
tions of the data, the peculiar influences of each variety of 
position, and to obtain an average result. 

The Belgian engineers have carried their investigations fnrUier, 
and have endeavored to ascertain the proportrob of this ¥Fear 
assignable to the engine, the vehicles which it draws, and the 
load. 

M. Belpaire has accordingly made an elaborate investigation, 
founded on the theory of the action of the driving-wheels of the 
engines, and the effects produced by the weight of the carriages 
and by the increased tractive power exacted from the engine ; 
and, after a long and complicated calculation, has arrived at the 
conclusion that in passing, over ten myriameters, or about 60 
English miles, the engine abrades from the rails 2*2 lbs., each 
empty carriage or wagon abrades 4*5 oz., and each ton of load 
abrades 1*4 oz. of iron. 

It appears to have escaped the notice of the Belgian engineer 
that these quantities of wear, which he has assigned respective- 
ly to the engines, the carriages, and the load, -are as nearly as 
possible in the ratio of the weights of these objects BeveraHy; 
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and hi9 conclusions inight^luYe been obtained very simply, and 
more directlyi and supported by i^easoning equally cogent, by 
assuming that the wear produced by each object would be in 
the direct proportion of its weight. Such an hypot^iesis would 
be quite as admissible as those which are involfed in his investi- 
gation. > 

The average weight of the vel^icles of transport of various 
sorts may be taken at about 3 tons^ Now 4*5 oz. is nearly three 
times 1-4 oz., the latter being the wear assigned to one (on 
weight of load, and the former the wear assigned to three tons 
of wei^t of vehicle. Again, 2*2 lbs. is 25 times 1*4 oz. very 
nearIy,.'And the eo^ne and tender weigh upon an average about 
25 tons. Thus the weat assigned to the engine' and tender is 
just so mimy more times the wear assigned to one ton as is ex- 
pressed by the number of tons in their weight. 

The reasoning upon which this distribution of the wear of 
the rails by the engine, the vehicles, and the load is based, is 
necessarily more or less theoretical, however conclusive. This 
most mateyial point, however, is, the total Wear, which appears 
to have b^en very satisfactorily established. 

It was incidentally observed in these inquiries, that, although ^ 
the rails of 55 lbs. per yard were well adapted to the traffic of * ; 
the Belgian lines, a railway having more active traffic would* be '';: 
more advantageously worked with heavier and stronger rails; 
and it was inferred, that rails weighing 80 lbs. per yard would 
be sufficient for a.traffic ten times more active than the average 
traffic of the Belgian lines. 

The Bo£u*d of B'u'ectors of the Northwestern Railway 
Company, the largest and most important of the British railway 
establishments, orderOd, at the commencement of the present 
year (1849), th<Mr manager and engineer to investigate the con- 
dition of the extensive system of railways, amounting to nearly 
500 miles, placed under their direction, with a view to solve the 
same question as that to which the labors of the Belgian engi- 
neers were directed ; that is to say, to ascertain the probable 
duration of the permanent way, and the future epoch at which 
it might require to be relaid. This investigation was accord- 
ingly made by Captain Huish, the manager of the railway, aided 
by the engineer and superintendent permanently engaged on 
the line. A ireport was made in April, 1849, in which it was 
stated, that the actual average age of the then permanent way 
was 7^ years, and that, all things considered, the reporters con- 
cluded that its total duration might be estimated at 20 years, 
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thus leafing 12| years of its present life to run, the railway 
being laid chiefly with rails weighing 66 lbs. and 75 lbs; per yard, 
as above stated. 

Now, let na compare the conclnsion arrived at by- Captain 
Huish and his assistants, by means totally different from, and 
independent of, those used by the Belgian engineers* with the 
conclusion obtained by the latter, as already stated. 

It appears by the report of Captain Huish, that the number 
of trains passing daily over the principal sections of the line 
was as follows : the Liverpool and Manchester, 90 ; the Ghrand 
Junction, 38; and the London and Birmingham, 44. He 
takes the average at 50 trains daily, which is equal to 18,250 
trains annually; and this being continued for 20 years (the 
duration assigned by Captain Huish to the permanent way), we 
should have a total of 365,000 trains, as the traffic necessary to 
wear out the line, and render necessary it^ reconstruction. 

Now, according to the conclusion of the Belgian engineers, 
3000 trains per annum would wear out the Belgian lines in 120 
years, which ^would give a total amount of work -o^ 360,000 
trains for the entire existence of the road. 

The coincidence of these two conclusions is very remairk- 
able, especially as Captain Huish himself does not seem to be 
aware of the striking manner in which his report is confirmed 
by the Belgian observations. . .> 

It must be observed here, that the Belgian raifo are 55 lbs. per 
yard, while the rails upon which the English estimate is made 
range between 60 and 80 lbs. per yard« the average being 70 lbs.; 
but, on the other hand, the weight of the trains and engines, 
as well as their velocity, worked upon the English lines is 
proportionately greater than on the Belgiaa lines, so that the 
coincidence of the conclusion is not disturbed by this difference. 

It may therefore be calculated, that, with a traffic equals to 
that now carried upon the system of railways under the di- 
rection of the Northwestern Company, rails laid down at the 
average weight of 70 lbs. per- yard will have a duration of 20 

y\^ars, after which the entire line must be relaid. 
^ It is evident, that if from its nature the amount of wear 
which thus gradually takes place upon the rails, from year, to 
year could be included in the annual repairs, it ought to be 
comprised in them ; but from the nature of the case it must 
necessarily be allowed to accumulate^ so that at the end of a 
period of 20 years the entire expense of relaying the hue 
would have to be incurred. 
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The financial expedient proper to meet this exigency is evi- 
dent. EstimatiDg as nearly as is possible the major limit of the 
cost of relaying at the end of the period J!)st mentioned, the 
amount of an annaity (to use a term well understood), mast 
be calculated which at the termination of ^ years woald be 
equal to the estimated cost of relaying the rails ; and an equif- 
alent sum must be amiually taken from the rerenue, find iuTest- / 
ed at compound interest to meet -die future exigency. "^^ 

It appears by the tables of annuities, that an annuity of £\ 
reserved and improved at compound interest, would at the 
expiration of twenty years attain the following amdunts : 

At 3 per cent ;. c£26'870 

At 34 per cent 28*280 

At 4 per cent 29778 

At 44 percent...^...., 31*378 

To find the annual reserve which ought to be invested, it is 
only necessary to divide the estimated cost of relaying a mile 
of the road by one or other of the above sums, according to the 
rate of interest at which the investments can be made. The 
quotient will be the annual reserve necessary for each mile 
Uie road. ' . 

The cost of laying a mile of the permanent way with 80 lbs. 
rails, and suitable chairs and sleepers (the duration of the latter 
being taken at twelve years), is estimated in round numbers at 
c€3000, after allowing for the value of the old rails and chairs. 

Let us suppose that the investment can be made at 4 per 
cent., that the cost of relaying is c€3000 per mile, and that the 
length of the line is 75 miles. 

To find the necessary annual reserve, divide 3000 by 29*778, 
and the quotient is 100*75 ; multiply this by 75, and the 
product is 7556*75. The annual reserve would therefore be 
«£7556 15«. 

It now remains for us to explain^ so far as the data before us 
will enable us to do, the extent of railways projected, executed, 
and in process of execution, in the United Kingdom, the cost 
of their construction, and the cost of their maintenance. 

By an official report of the railway commissioners, published 
in June, 1849, it appears that on the Ist January, 1849, there 
were completed and in actual operation in the United Kingdom, 
5007* miles of railway. 

* Slnoe the above was written, it appears by a more recent report, 
that the length of railways open on the Ist Jan., 1849, was 5126} 
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This differs slightly. from the reports of the different organs 
of the press devoted to railway affairs, their estimate being as 
much below 5000 as that of the railway comnaissioners is above 
it. We Doay take, therefore, 50^0 miles in round' numbers to 
express the actual length of railways whioh/were in operation 
on 1st Jan., 1849. 

According to the commissioners, this extent of railway com- 
munication is distributed between £ngland, Scotland, .and Ire- 
land in the following proportions : 

MilM 

England . . , < •• • 391 8 

Scotland 728 

Ireland.... 361 



5007 



The rate at which the construction of railways has proceeded 
during the last seven years m these ceuntries, may be estimated 
from the following statement, in the second column of which is 
given the number of miles of railway which were in operation 
on the first day of each of the years given in the first column. 
In the third column is given the number of miles of railway 
which were opened for traffic in the siiccessive yearsr being 
the difference of the numbers given in %he second column; 



1843 


Miles open on January 1. 


BlUea opened doiing 
the Year, 


1857 
1952 
2148 
2441 
3036 
3816 
5007 


95 
196 
293 
595 
780 

iidi 


X844 


1845 


1846 

1847 

1848 


1849 - 





It further appears that acts had been obtained pref^fibi^ to 
1st January, 1849, for other railways, and for braneWii and" 
extensions, th^ total length of which was 7&05 miles. Thus 
the total extent of lines constructed and pnjected to- this data ' 
was 12,012 miles. . , / 

All the railways for which acts had been paJiiKid: ii|i ,(b tlie 
close of 1844, with the exception of about 20.iiti|b^iiH[ bsen 
completed and in operation by the end of 1848^ 

In 1845 Parliament passed acts sanctioning the construction 

miles. But the additional miles consisted of lines leading to collieries 
and mines, and such as are not used for the general -purposes of 
traffic. 
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of 2700 niHes of railway. Of tbeae not miich more thsa oDe 
half waa conipteted on the laC January, 1849. In 1846, par- 
liaiQeDt'pBHsed acta authoriziDg tha construcHoa of a further 
extent of 453B Diilea of railway, of which only 600 miles waa 
completed and opened on lat January, 1849. 

The following table taken from tha report of the railway 
commisaionera of May, 1849, will exhibit the rote U which 
railway projects have been BaDctioned by parlinmeDt, and the 
rate at which their execution has proceeded. Up to the com- 
mencemeDt of 1B49. 



TiBLE Bbowing, for the Hailway* aotboriied previoaily to the End of 
ie<S and in each ■ncceedioff Year, the Proportion opened for Traffic 

Trafllo in each Year mnoeieu. ' '^ 


Of Line. Wllio- 

Of Unci lutiiD^ 
rlKd in IHB. . . 
Of Lines noiho- 

OT Lines nvlh^ 
TMbI.... 


i«rhcrL«oi«,j. 


J,S1,L--1 


53 


» 


1^ 


"iSs"* 


■» 


",".7? 


DqAix 




^ 


laia 


106 


ISB 


S23 


140 




4M 


saas 

330 


1300 
330 


ISM 


IM 


iBi 


■»o 


7a» 


l.Bl 


.V»7 


ia,nia 


■7005 



Od Uie lat May, 1848, about 2960 miles of railway were in 
course of aDDstructtoo, of which 800 miles were opened by the 
end of the year, dnriog which period no new works bad been 
commanced. There were therefore in progress of constrDC- 
tion, OD the lit Janmry, 1B49, only 3160 miles. 

Tha aeeoDDt of the totsi amount of railways sanotiooad by 
porUUMnt V tlie lat lannary, 1849, was therefore «a follows: 

Ullei. 

Opea for traffic 5007 

In proceaa of conatraction 2160 

Not commenced , 484^ 

Total aanctianed by Parliament....... 12,-01! 



68 BAILWAT EOONOMV. [Ohap. IV. 



^ 



Of this extent of 4800 miles of railway sanctioned by the 
legislature, but not commenced, eo Ist^ May, 1849, the railway 
commissioners considered that there was good reason for in* 
ferring that one half at least would never be constructed, so 
that the total amount of railways which were considered likely 
to be constructed, including those already in operation and in 
progress, 6n 1st January, 1849, was &s follows : 

Miles. 

Open for traffic , , .^ ; 5007 

In process of construction 2160 

Not commenced, but likely to be executed 2400 

. 9567 

The following particular^ respecting the financial condition 
of the railway companies are also suppHed by a parliamentary 
return, dated Ist May, 1848: 

Capital paid up in cash by shareholders to January 1, 

1848 , c£l26,149,476 

Capitabpaid hy lenders on railway debentures md other 
securities ..... ^ •.........." 40,788,765 

Total capital paid up to January 1, 1848 166,938,^41 

Paid op in shares during 1848 » 30,359,102 

Paid up in loans during 1848 ^,875,715 

Total capital raised by shares and on loan to January 1, 

1849. 200,173,058 

Balance of capital, to raise which, by existing shares, 
by new shares, and by loan, the actual companies 
possessed powers on January 1, 1849 143,71^.773 



- \ 



d£343,890,831 

Thus it appears that upon these works « sum expressed in 
round members by 200 millions sterling had been actually ex- 
pended OD^ 1st Jan., 1849, add the chartered companies had 
retained powers to expend a further sum, to be raised by shares 
or loan, of 140 millions, making a total of 340 millions to be ex- 
pended on 12,000 miles of railway. But as 2400 niiles of these 
were estimated as likely to be abandoned, a corresponding por- 
tion of the capital w.ouId nrot be raised or expended. This 
would authorize the supposition, that of the 340 millions above 
mentioned, 68 millions would not be required ; but this computa- 
tion rests on the supposition, that the railways in progress, and 
those to be abandoned^ were estimated at the same average 
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rate as those which are cODstructed. The estimates, however, 
being loWer^ the railway commissioDers calculate that the prob- 
able ahaadonmefit of 2400 miles of the projected Hoes would, 
cause a diminution of the estimated capital amounting only to 50 
milliojoB^^ leaving a total amount of capital of 29Q. millions to be 
ab8(ni)ed by 9500 miles of railway. This would be at the aver- 
age rate of o£30,500 per mile. 

Of the sum of 200 millions, which had been expended before 
the Ist Jan., 1849, a part had been absorbed by the Hnes which 
were in process of construction, hut ha4 not yet been opened. 
Against this, however^ there remained an amount of capital 
still to be expended on the lines already open. On most of the 
more recently opened rail way Sr the stations were still incom- 
plete ; in some cases,, d^pdts, workshops, and o^er permanent 
buildings, had iiot even been conunenced. The fuU coinplement 
of the locotnotive and rolling stock had not been provided^. In 
the absence of exact data, then, if these latter expenses be, 
placed against the former, the entire capital of 200 millions may 
be placed to the account of the 5000 utiles open for traffic; 
which would give an average expense ,of construction, including 
the locomotive and canning stock, apd the workshops and d6- 
p6t8 for its repair, 6cc,, of <£40,000 per running mile. 

An estimate of the actual quantity of labor of every class em- 
ployed on this stupendous national efnterprise may be obtained 
from a parliamentary rettirn, showing the number of persons 
employed on the railways on the 1st May, 1848.; the extent 
then open for traffic being 4253 miles, the extent in process of 
construction being 2958 miles, and ^he number of distinct com- 
panies by whom these works were directed being 170. 



Tabulak Analysis of tbe Namber and Descriptioh of FerBous employed 
on the Railways of theUnited Kingdom en May 1, 1848. 


Secretaries..^...-..*-— -->-«•> -••>•*- -- 


On Lines open 
for Traffic. 


On Lines not 
open. . 


81 

30 

. 29 

95 

343 

125 

70 

48 

106 


102 
93 
21 

405 
1,897 

243 

145 
88 

306 


Manasren.. .......... '......^^-.-r.«-.n...' 


'Treasnrers : ^ ^ 

Snsineera ...... ........ ....•••. ..--... 


SoDerintendents ........... ...... ...... 


Storekeeners ...._..................... 


Accountants .......................... 


Cashiers ....^... ........ ............ 


DraQS'htsmeu ......................... 


Carry forward 


927 


3,300 
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Bnmglit forward 

CleAa.... 

Artificers - - 

Laborer! 

Inspectors 

Land surveyors 

Miners, or qaamyinen.^....;. 

Foremen or overseers . ,, . 

Policemen 

Porters and messengers 

Platelayers..,^... — . — ...... 

Drivers and carters ».... 

Engine-drivers 

Engine-stokers 

Guards 

Switchmen 

Gatekeepers 

Wagoners ,...-. 

Brakesmen 

Miscellaneocui ................. 

Total.... 



On Iin«s opea 
fbrTraflic. 



927 

4,360 

10,814 

14,297 



1,010 
2,475 
7,559 
4,391 

1,752 

1,809 

1,464 

1,058 

401 

.141 

32 

i9l[ 



On lines nol 
open. 



3,300 

887 

29,087 

147,325 

119 

26 

6,250 

685 

71 

10 

256 

45 



52,687 



186,071 



It appears, therefore, that in 1848 a quarter ot a million of 
persons were employed on the railways of the United King- 
dom ; and if it be considered that each of these. must have con- 
tributed to the support, on an leverage, of ond or more other 
persons, it will follow* that this vast enterprise must have, at 
that epoch, supplied means of living to at least two per cent, of 
the entire population of these countries. 

Since the date of these returns, the extent of railway vrhich 
has been completed is greater than the length which has been 
commenced, and the extent now in process of construction is 
therefore less than at the epoch just referred to. It is (>robable, 
therefore, that the quantity of labor employed in this branch of 
industry has been somewhat diminished ; because, although the 
length of lines under traffic is greater than formerly, the length 
in process of construction is less, and the latter, for a given 
length, employs more industry th.an the former, in the propor- 
tion of three and a half to one. 



CHAPTER V. 

THE LOCOMOTIVE POWER. 

When the magoitade of the capital invested in the locoraotiv^i 
stock of a railway, and the large proportion of the annual rev- 
enue absorbed in maintaining it, are considered, its economical 
importance may be readily estimated. 

The locomotive stock may be primarily resolved into two- 
clasdes^that which is employed in working the passenger traf- 
fic, and that which is employed in drawing the^goods trains. 

The passenger engines are so constructed as to draw light 
loads at great speed, the goods engines heavy loads at a low 
speed. ;In the one, the driving wheels are large, so as to carry 
the train forward through a great space by each stroke of the 
piston ; in the other they are of more limited magnitude, in 
order to give the moving power a greater leverage upon the 
load. In the one, they are single, rendering the engine light, 
so as to absorb less of the moving power in propelling itself; in 
the other, they are double 'and coupled,' and sometimes even 
tripled, so as to give a greater purchase to the impelling power. 
In the one class of engine steam of small density is consumed 
rapidly and in great volume ; in the other, steam of greater 
density is consumed at a slower rate. 

These different mechanical requirements render it necessary, 
in general, to provide a locomotive stock fo^ the goods service, 
separate- from, and independent of, that provided for the pas- 
senger service. 

In the locomotive department a register should be kept, con- 
taining a record of the past and current performances and con- 
dition of every engine in the service of the railway. Such a 
record should contain the following particulars of the past serv- 
ices of each engine : 

1st. The day and yedr it Was put ppon the road. 

2d. Its maker. 

3d. The diameter and stroke of its cylinders. 

4th. The diameter ^nd number of its driving-wheels. 

5th. The numher of tirpes it 'Was cleaned, lighted, and had 
steam raised. 
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6th. The nomber of hours it was standing with steam raised. 

7th. Its total mileage^ from the commencement of its service 
to the current date. 

8th. The total qaanti^ of fuel it had consumed. 

9th. Original cost of engioo. 
10th. Total sum expended' on its repairs. 

And, with respect to its current service during the past year, 
the following details should be given : 

1st. The number of times it was lighted, and had steam raised. 

2d. The number of hours it stood with steam raised. 

3d. Its mileage by months, and its total mileage. 

4th. The quantity of fuel consumed in lighting and iraising 
steam. 

5th. The quantity of fuel consumed in stancfing. 

15th* The quantity of fuel consumed in working. 

7th. A memorandum of any accident, or other notable circum- 
stance, attending the performance of the^ engine. 

Such a record aa the above is neither impracticable nor un- 
important. A register of this kind is kept by the establbhment 
of the Belgian railways, and the principi^ results of i^ are 
published annually, in a tabulated form, in the **Compte Ren- 
du,*' or official report of the service of the railways, delivered 
to the Chambers by the minister of public works every session. 
§ach a table exhibits a «' coup d'oeil" of the condition aod the 
past history of tbe entire locomotive stock. 

On the Belgian lines, which consist of 347 miles of railway, 
there were employed, at the end of the year 1847, 154 locomo- 
tives, of the conditions and performance of which a tabular 
statement appears in the report of that year. Thft Belgian 
railways had been then 13 years ia operation, and no engine 
had yet been saperannuated. 

Tbe first engine placed upon the rond was «* La Fldche," 
constructed by Messrs. Stephenson 6c Co. This machine had 
performed, within the 13 years, a total mileage of 86t932 miles, 
and within the year 1847 had performed a mileage of 7292 
miles. Thus, in its thirteenth year of service, it performed 
more than its annual average.^ 

Another engine constructed by Messrs. Stephenson, called St. 
Hubert, which had been put on the road hi December, 1838, 
had, at the end of 1847, completed a mileage of 130^962 miles, 
having performed within the yisar 1847 21,737 miles. 

Another engine, called ** Lea Quatre Journ^es," construeted 
by Messrs. Cockerill, which had been put upon the road in 
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September, 1837, aad had thea been npward of ten years m 
service, had performed a total mileage' of 130,160 miles, and 
within the year 1847 performed, in fivtf months, a mileage of 
11,537 miles. 

In short, it appears from this register, that not only were none 
of the engines composing the stock of the Belgian railways, which 
had been accumulating for 13 years, superannuated, but that the . 
current mileage of the oldest engine was equal to that of the 
youngest and most vigorous. 

In the progress of the English railways, locomotives have been, 
from time to time, cast aside, and put, as it were, upon the re- 
tired list ; but this has in general arisen, not iVom the circum- 
stance of their being superannuated, but because the conditions 
of the traffic had undergone such a change that the natural 
powers of these engines were not suited to it. Immediately 
after the comencement of the operation of the railway system, 
the traffic augmented so rapidly as to exceed all tl^ previsions 
of those who constructed and organized the first railways. The 
weight and strength of the rails were successively increased, as 
well as the weight and magnitude of the trains, and the weight 
and power of the engines underweqt a corresponding augment- 
ation. 

A regularly kept journal of the life of some of the oldest 
locomotives working on the English railways would be a reeevdt 
of profound interest. Whether such a register exist, I am not 
aware ; but none such has, I believe, ever been published. \ • 

From a comparison of the total mileage of each class of ^9- 
locomotive stock with the number of engines in service, the 
average mileage of each engine can be ascertained. 

Thus, if £ express the number of passenger engines, and e 

■ E- 
express their total mileage, then^ — will express the average 

mileage of each engine. In like manner, if E' express the nom- 

E' 
ber of goods engines, and e' their total mileage, —y will express 

the average mileage of each. Or, in fine, if E-j-E' express the 
total number of engines of both kinds, and «-|-«' their total mile- 

age, then — — — will express the general average mileage pf 

each engine. 

As an example of such a calculation,, let us take the Belgian 
railways for 1847. ^ 

The total number of engines in active seiTice was 154r aad 

D ' 
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their total mileage was 2,366»885; this dhrided by 154 gives 
15,369 as the average annaal mileage of e&ch>«ogitie, the average 
daily mileage being therefore 42 miles. 

It may be asked, whether a locomotive engine, once lighted* 
may not be worked almost indefinitely? 

It is known that many steam-engines used in the manofactures 
and in mining are kept for several months together in unceasing 
action night and day ; and the engises used in steam-ships are 
often kept in incessant operation throughout a voyage of 3000 
miles. Why therefore, it may- be said, may not a locomotive 
engine be worked for a oruich longer distance without interrup- 
tion, and thus distribute the expense of lighting and cleaning 
over a greater extent of mileage, and thereby diminish the cost 
per mile ? 

Although the mileage of the engine might be augmented much 
beyond its present anwunt, it is nevertheless indispensable that 
it should no]^ exceed a certain practical limit. The locomotive 
engine, an iron horse, requires intervals of repose as much as do 
the horses of flesh, blood, and bones. It becomes fatigued, so to 
speak, with its work, and its joints become relaxed by labor, its 
bolts loosened, its rubbing snrfacos heated, and often unequally 
expanded and strained. Its grate-bars and fire-box become 
choked with clinkers, its tubes become charged with coke ; and 
were its labor continued to a certain point, it would end in a 
total inability to move. The durability of the engine, therefore, 
requires that its work should be suspended before these causes 
of disability operate to an injurious extent. 

When its labor ceases, the engine-cleaners, who are, as it 
were, its grooms, clean out its fire-place, scrape its grate-bars 
and the internal surface of the fire-box, clean out its tubes, 
tighten all its bolts and rivets, oil and grease all its moving parts, 
and, in a word, put it again into working order. 

The expense of cleaning an engine, and the cost of the fuel 
consumed in lighting it and raising the steam, so as to prepare 
it for propulsion, must necessarily be charged upon the mileage 
which it performs ; and the cost of this mileage will therefore 
be augmented in the inverse proportion of the ratio of the total 
mileage of the engine to the number of times it has been cleaned 
and lighted during the period of its service. It is therefore im- 
portant, in the economy of the locomotive power, to ascertain 
with precision the proportion which the mileage of the engines 
bears to the number of times they have been cleaned and 
lighted* 
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Hence appem llie importance of the record aboTe mentiooed, 
of the Dumber of Mmmp each eiigine hjiB been lighted and cleaned. 

To determine ib|^ average number of miletf.run by each en- 
gine after such cleaning and lighting, it is only neooesary^ to 
divide the total mileage o£ tiie locomotive atock, or of each &8s 
of it, by tiie total number of en^nes lighted ; the quotient will 
give tbe distance run by each engine lighted. In general, if £'^ 

express the number of tonnes fighted, then J] will express 

the aTerage distance ma by each engine lighted. 

As examples of the appMeation of tiiia, we take, from the 
official reports of tiie Belgias railways^ the number of engines 
lighted during 1846 nnd 1647. The number was 27,453 for 
1846. Dividing this into the total mileage, 2,027,01 4^ alreac|y 
given, the quotient is 73*8, which is therefore the average num- 
ber of miles Yun by each engine cleaned and lighted. 

In 1847 the number of engines lighted was 30,676. We have 
already seen that the total mileage was 2,366,885. Dividing this 
by the number of engines lifted, we find 77*6 miles as the die- 
tance run by each engine lighted, being an improvement on the 
performance c^ the previous yeMv 

€>o the Orleans Railway, in 1847* there were 11,315 engines 
lighted, of which the total mileage was 853,505. Dividing the 
latter by the former, we find 76 miles as the average distance 
rnn. On the same railway, during the year 1848, there were 
11,072 engines lighted. The tcMal mileage of all the engines 
was 782,591. Dividing the latter by the ibrmer, we obtain 70*7 
miles, the average distance run by each engine lighted. 

In the practical working of the locemotive stock, it inevitably 
happens that engines, after they have been lighted, had their 
steam raised and prepared for starting, have to stand, keeping 
their steam up more or less time, waiting for trains which they 
are to draw ; and thus an expense is incurred, not directly pro- 
ductive, for fuel and wages. 

But, besides this, the service of the road requires that, at 
certain stations, engines shall be kept waiting with their steam 
up ready for work, for the mere purpose of providing for the 
contingencies of the active service of the road. Thus, if an 
accident occur to a train, by which the engine that draws it is 
disabled, notice is sent forward by the electric telegraph, by 
signals or otherwise, to the next engine station, summoning an 
engine to proceed to the spot to take on the train. If an engine 
were not prepared for such a contingency, with its steam up. 
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the road woald be obstructed for a considerable length of time 
by the train thus accidentally brought to a stand. 

The engines thus kept prepared for accidents are called Re- 
serve Engines. 

Another cause which renders it necessary at certain points 
of the line to keep engines waiting with their steam up, is the 
existence of exceptional gradients. 

Thus, if a railway be generally laid out with gradients of about 
15 feet a mile, but at a particular point a natural elevation of the 
ground, or other cause, renders the construction of a gradient 
rising at the rate of 60 feet a mile necessary, then the engines 
which are adapted to the general character of the line become 
insufficient for such exceptional gradient ; and, in such case, the 
expedient resetted to is to keep one or more powerful engines 
constantly waiting with their steam up at the foot of the incline, 
for the purpose of aiding in propelling the trains in their ascent. 
These engines are denominated Assistant Engines or Bank En- 
ginesi Their mode of operation is as follows. They wait near 
the foot of the incline in a siding provided for the purpose ; and 
when a train arrivas and begins to ascend, the assistant engine 
follows it, and, pushing from behind, aids the regular engine in 
front in propelling it up the plane. When it arrives at the summit, 
the assistant engine drops off, and, descending the plane, returns 
to its station. 

In the above calculations of the proportion of the engines 
lighted to the actual mileage, these reserve and assistant en- 
gines, when such occur, are included ; and the average mileage 
per engine lighted, which has been obtained as above, is less 
than the actual average performed by the engines toorked, be- 
cause the engines lighted for reserve enter into the divisor, which 
gives the mileage. It is convenient, therefore, in the records 
of the locomotive department, to keep an account of the engines 
lighted for reserve, &c., separate from the engines lighted for work. 
On the Orleans Railway in 1848, of 11,072 which were light- 
ed, 1825 were reserve engines, and 9247 only were worked. 

To a8cei*tain the actual average mileage of each of the work- 
ing engines which were lighted, it would be therefore necessary 
to divide the total mileage by 9247, which will give 84*6 as the 
actual average distance run by each engine lighted and worked. 
In like manner, in 1847, on the same railway, the number of 
reserve engines lighted was likewise 1825, and, therefore, the 
number of engines lighted and worked 9490. Dividing the 
mileage, which was 853,505, by 9490, we obtain 90 as the 
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average distance run by each engine lighted and worked. Thus 
it appears that, if the reserve engines be included in the com- 
potation, they would reduce the average run of each engine 
lighted in 1848 ft-om 84-6 to 70*7, and in 1847 from 90 to 76. 

To estimate the time during which the locomotive stock is 
kept standing with steam up in reserve or waiting for work, » 
record of the number of hours each engine has been lighted and 
standing should^be kept. By dividing this total number of hours 
by the number of engines lighted, we obtain the average num- 
ber of hours which each engine lighted had been kept standing 
with steam up. 

As an example of this, on the Belgian railways, in 1846 and 
1847, the number of hours which engines were kept standing 
with steam up was 204,124 in 1846, while the number of en- 
gines lighted was 27,452. Dividing the former by the latter, the 
quotient is 7*43, which is the average number of hours each 
engine lighted was kept standing with steam up. 

In like manner, in 1847, on the same railways, the number 
of hours the engines were kept standing was 214,610, and the 
number of engines lighted was 30,676. Dividing the fornier by 
the latter the quotient is 7. Hence it appears that the average 
number of hours each engine lighted was kept standing in this 
year was 7 hours. In this, however, aro included the reserve 
engines. 

As on the same railways the average distance run by each en- 
gine lighted was about 70 miles, it follows, that for every 10 
miles of practical work performed by each engine the engine 
was kept one hour standing. 

The fuel consumed in working a railway may be classed un* 
der three heads : 

Ist. That which is consumed in lighting the engines and 
raising their steam, to prepare them for work. 

2d. That which is consumed while the engines stand with 
their steam up, waiting for the trains they are intended to draw, 
or standing in reserve, prepared for the contingency of accidents 
on the line. 

3d. That which is consumed in drawing the trains. 
When the engine has stopped work, its fire-box is cleared, 
preparatory to the engine being cleaned. A certain portion of 
coke, more or less, according to the state of the fire-box at the 
moment the engine is stopped, is collected in this way half con- 
consumed. This coke is to a certain extent available to aid in 
lighting the engine when next started. The small coke which 
has been rejected as unfit for the working engine is mixed, in a 
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greater or le«8 proportioQ, hy the engineer with the large coke 
used for raisiog the steam, for in this process the draft is not 
so strong as to carry this small coke injuriously through the 
tubes. The small coke is also used, mixed in a certain propor- 
tion with the large coke, for keeping the steam up in the re- 
serve engines. 

The quantity of coke consumed rn drawing a train will de- 
pend upon the magnitude and weight of the train, and the speed 
with which it is moved. The greater the resistance which it 
has to overconie, the greater will be the consumption of fuel in 
a given distance. The resistance increases in a high ratio with 
the speed. Now as the speed of passenger trains is usually 
greater than that of goods trains, the consumption of fuel, so 
far as it ia affected by the speed, will be greater in the former 
than in the latter; but* on the other hand, goods trains consist- 
ing of a much greater number of vehicles and of a greater gross 
weight than passenger trains, the resistance due to the load is 
greater in the latter case than in the former. 

On the Belgian railways the economy of fuel is very strictly 
attended to. Rules are established by which a certain weight 
of coke is allowed to the engineer for the different purt)oses : 

- « 

For lighting aad raising the steam, 280 kilogrammes, equal 

to 61 8 lbs., of coke are allowed. 
For each passenger coach drawn, | kilo; per kilometre, equal 

to 2*64 lbs. per mile, are altowed. 
For each k>aded goods wagon, f of a kilogramme per kilometre, 

equal to 2*30 lbs. per mile, are allowed. 
Two empty wagons are accounted as equal to a loaded one, 

and 2^ kilogrammes per kilometre, equal to 8*82 lbs. per 

mile, are allowed for an engine without a load. 
Ten kilogrammes, equal to 22 lbs., per hour, are allowed for 

keeping up the steam while the engine is standing. 

These quantities are, however, understood to be average 
major limits which ought not to be exceeded. To stimulate 
the engineers and their superintendents to the observance of a 
due economy of fuel, premiums are awarded, in proportion to 
the extent of the saving effected upon these allowances; 58, 6d, 
a ton is allowed to the engineer for every ton of coke by which 
his actual consumption falls short of these limits, and a further 
premium of one-fourth of this amount is allowed to the super- 
intendents of the locomotive department. 

In the year 1846 the amount of premiums paid for these 
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saviDgs to the engiBe-drivers was dC678, and to the superintend- 
eots d8l69. 

The savings of fuel are not either alone or chiefly effected by 
the care bestowed on feeding the fire-box. Much more depends 
on the engine not being lighted at too early a moment before 
starting, and consequently not being kept standing .with steam 
up needlessly. 

In the year 1841 the engines upon the Belgian railways con- 
sumed, upon an average, 7(X]bs. per mile, including the fuel 
consumed in lighting and standing. 

In 1842 this was reduced to 45 lbs., and in J. 84 4 and 1845 to 
40 lbs. 

This improved economy was not altogether owing to the 
increased vigilance of the engine-drivers and stokers, but was 
in part due to an improvemiBnt in the arrangement of the valves, 
by which the steam was allowed to escape from the cylinders, 
so that the economy was partially effected on the consumption 
of steam, and through that on the consumption of fuel. 

In the locomotive department, a register should be kept of 
the fuel consumed, distinguishing such consumption under the 
three heads of standing, lighting, and working, together with 
which should be noted the hours standing, the engines lighted, 
and the mileage worked. There is nothing impracticable or 
difficult in the maintenance of such a register in every well- 
organized establishment, and such a one is regularly kept in the 
administration of the Belgian railways. It appears from these 
records, that the following was the fuel consumed for these 
purposes respectively on the Belgian railways during the years 
1846 and 1847: 



Nnmber of boars ftuiding 

Namber of lbs. of coke consumed in standing 
Average namber of lbs. consumed per hoar.. 

Number of engines lighted -- 

Total number of lbs. consumed in lighting 

Average namber of lbs. consumed per engine 

lighted 

Total mileage worked 

Total namber of lbs. of coke consumed in 

working 

Average namber of lbs. consumed per mile 

worked 

Average consumption per mile, including coke 

consumed in lighting and standing 


1846. 


1847. 


204,124 

4,503,077 

22-0 

27,452 

16,828,505 

6130 
2,027,014 

60,698,538 

300 

40-5 


214,610 

5,306,573 

24-7 

30-676 

18,605,263 

606-4 
2,366,885 

71,500,965 

300 

40*3 
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It may them be stated iu round numbers, that 600 lbs. of fuel 
are consumed in lighting an engine and raising the steam, and 
that every engine lighted travels, on an average, as worked upon 
the Belgian lines, 70 miles. 

The fpel consumed in lighting adds, therefore, 8^ lbs. per mile 
to the working consumption, which latter being 30 lbs., the pro- 
portion consumed in lighting is 28 per cent. The fuel consumed 
in standing with steam up, either as an engine of reserve or 
otherwise, adds 1^ per cent, more to the working consumption 
per mile, the total amount of which may be taken in round 
numbers at 40 lbs., as these railways are worked. 

To determine what part of this consumption is directly ex- 
pended on the load, it would be necessary to ascertain the pro- 
portion which the dead weight bears to the profitable load. This 
will become the subject of inquiry in a succeeding chapter. 

The sources, therefore, from which the economy of fuel may 
be expected, are the extending the mileage of each engine 
lighted, the keeping the engines waiting as short a time as pos- 
sible for their loads, and securing as full a load as possible for 
the carriages. 

It is well known that the fuel invariably used in locomotive 
engines on European railways is coke. 

Weight for weight, this fuel develops a greater amount of 
heat, and develops it in a smaller space and more rapidly, than 
coal. It is therefore better adapted to produce the quick evap- 
oration in a small space, which is indispensable to railways. Its 
combustion is not attended with the evolution of the black, sooty 
smoke produced by coal ; and the engines, therefore, in passing 
through districts more or less populous, are not productive of 
the same nuisance. 

Coke is fabricated by submitting coal to the process of baking 
or being heated in close retorts, by which means its volatile 
constituents are driven out of it, and little more than carbon 
i^emains. In this process, the magnitude of the fuel is consider- 
ably increased. 

The augmentation of magnitude varies according to the 
quality of the coal. In some cases it is augmented 50 per cent, 
in bulk, and of course proportionally diminished in weight. 

In the process of cokings coal loses the weight of the volatile 
elements expelled. This diminution of weight varies according 
to the quality and analysis of the coal, from 15 to 25 per cent, 
of the total weight. 

Thus, it may be assumed, that, allowing for waste in incom- 
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bustible matter, contained even in the beat coal in greater or 
less proportion, the weight of coke derived from 100 tons of 
coal will be about 70 tons; bot of this quantity a portion, mor^ 
or leas according to the mode and the skill of fabrication, will 
be produced in pieces of too small magnitude to be capable of 
being used in locomotive engines. The small coke, if burned in 
the locomotive engine, either falls through the grate-bars, or is 
drawn through the tubes unconsumed, and a portion of it re- 
maining in them, obstructs the draft. The small coke is, nev- 
ertheless, useful as fuel, and is valued at \VB own weight of coal. 
On the Belgian railways, 65 per cent, of large coke, and 2 j^ per 
cent, of small, is obtained from the coal. - 

By analysis, this coal contains from 17 to 25 per cent, of vol>- 
atile matter, and consequently, oven by distillation in close ves- 
sels, would yield, in coking, only from 75 to 83 per cent. A 
portion of the coal, however, in the common process of coking, 
is consumed in producing the necessary heat, and the remainder 
is waste and incombustible matter. 

In the year 1844, 23,800 tons of large coke and 900 tons of 
small were produced on the Belgian railways from 36,500 tons 
of coal, the cost of the coal being ll5. Ad, per ton, and that of 
the coke 20«. 

In 1846, 52,185 tons of coal were used in making 28,220 tons 
of large and 834 tons of small coke. 

In 1844, 3*6 per cent, of the coke produced was small, and 
had only the value of its weight in coal. 

In 1846, only 2-8 per cent, was small, an improvement in the 
fabrication having taken place, which efTected a saving of nearly 
1 per cent, in the coke produced. 

In the reports of the English railways, no data are supplied 
by which similar calculations can be made. 

According to the reports of the Great Western Railway, the 
cost of coke, its consumption, and the mileage of the engines 
during the last four years, had been as follows : 



1845 — 


Cost per Ton. 


C(Ae consumed. 


Mileage of Engines. 


s. d, 

21 

23 8 

24 4 
21 4 


Tons. 

21,919 

19.731 

21,454 

25,346 


1,240,412 
1,346,341 
1,454,610 
1,582,672 


1846 


1847 


1848 





The mileage here giveo includes that of the assistant engines, 
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and of engines traveling without a train ; and the consumption 
of fuel is the total quantity, including what was consumed in 
lighting <the engines and in standing. 

Hence it follows that the conpumption in each year per engine 
p9r mile, ino(uding lighting and standing, was as follows : 

^ * Coke eonsamed 

per Engine 
per Mile. 

- 1846 • 4 391 lbs. 

W^ ..*. 83 „ 

'M4T 33 „ 

>84S 35^,, 

By a return now before me, I find that, in the twelve months 
ending the 30th June, 1849, th& total amount of coke consumed 
by the locomotive stock of the Northwestern Railway was 
116,396 tons, or 260,727,040 lbs., which produced a total mile- 
age of the engines amounting to 7,532,230. Dividing the for- 
mer by the latter, we find the consumption per engine per 
mile to be 34*6 lbs. 

As may be expected, considering that the consumption of fuel 
must depend on the magnitude and weight of the ti*ains, as well 
aaoo the speed, the consumptioB per mile is found to vary con- 
siderably on different railways. 

Thus, on the Brighton and South Coast Railway, in the half- 
year ending the 30th June, 1849, the total consumption of coke 
wa8'6345 tons, or 14,212,800 lbs.,' which produced a total mile- 
age of the engines amounting to 593,844 miles. Dividing the 
former by the latter, it appears that the consumption per engine 
per mile was about 24 lbs. 

On the same railway, during the half-year ending the 30th 
June, 1848, the fuel consumed was 9319 tons, or 20,874,560 lbs., 
which produced a mileage of the engines amounting to 668,785. 
Dividing the former by the latter, the consumption per milo 
proves to have been 31*21 lbs. 

Since in this case it is not likely that any material change 
took place' in the nature of the traffic, the increased economy 
must have been produced by improved management. 

In comparing the total number of engines worked with the 
total number lighted, we obtain the number of times per annum 
that each engine in service was lighted. 

As the number of engines worked on the Belgian railways in 
1846 was 151, and in 1847, 154, l:^ dividing these respectively 
into the total number lighted already given, we obtain the quo- 
tients 181 and 200 Tery nearly. 
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It appears, therefore, that in ihe year 184& each engine, on 
an average, was lighted on 181 days, and in 1847 on 200 days. 
This is on four days per week very nearly. 

From this it follows, that three days per week were required, 
upon an average, for the rest, cleaning, and repairs^of an engine. 

This resalt is in accordance with another obtained previously,, 
viz., that the average daily mileage of the engines was 42 miles, 
which would give an average weekly mileage of about 300 miles,' 
which would be four working days per week iflTiTS mile^, nearly 
the amount of-the average run of each engine lighted. ' 

One of the most striking results of the preceding calculations . 
is the apparently small amount of useful, service obtained from 
the locomotive engines. 

We have seen that In each run, an engine on the Belgian 
lines, at the most improved epoch of the service yet reported, 
did not quite average 78 miles, and that even this was performed 
only four days in seven. Thus the average daily work of an 
engine would appear to be only 42 miles. 

But it also appears, that for 74 miles run the engine is kept, 
on an average, 7^ hours standing. This being reduced to a daily 
average, leads to the conclusion, that the daily service of the 
engines consisted in 42 miles run and 3^ hours standing with the 
steam up. 

But as the average speed on the Belgian railwaya is about 20 
miles an hour, the run of 42 miles would occupy about two hours. 

The daily service of an engine, therefore, expressed in time, 
would be nearly 2 hours working and 3} waiting with steam up. 

These inferences are so striking, that we naturally turn else- 
where to inquire how far the results of other railways vary from 
or corroborate them. 

In general, the daily mileage of the engines employed in the 
service of a railway may be found by dividing the average annual 
mileage by 365. In all cases, therefore, where the reports 
supply the annual mileage and the number of engines, the daily 
mileage is a matter of easy cak;ulation. 

The results given in the subjoined table (see p. 84) are calcu- 
lated from the returns of the several railway companies therein 
mentioned now before us.' 

From this table it appears that the us^eful daily service of 
an engine varies on the above railways between 28 miles as a 
minimum and 45 as a maximum. This variation depends partly 
on the degree of skillful management under which the locomo- 
tive power is placed, and partly on the nature of the traffic 
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Name of Railway. 


Year. 


Number 

of 
Engines. 


Total 
Mileage. 


Average 
annual 
Mileoge 

per 
Engine. 


Average 

daily 

Mileage 

per 
Engine. 


B elgian Railways 

North of France Uailway. 

Orleans Railway : 

Passenger traffic 

' Goods traffic 

Paris and Rouen Railway : 

Passenger traffic «.. 

€k)ods traffic ........... 


1844 
1845 
1846 
1847 
1847 
1848 

• m 

m m 

m m 

'^ ■»• 

mm 
m m 


143 
148 
151 
154 
175 
177 

43 
9 

40 
10 
89 

5 
13 
16 


1,584,532 
1,694,203 
2,027,014 
2,366,885 
1,789,152 
1,917,855 

483,206 
153,227 

406,039 

147,174 

. 335,405 

82,429 
191,814 
201,534 


11,080 
11,447 
13,490 
15,369 
10,224 
10,835 

11,237 
17,026 

10,151 
14,717 
11,565 

16,486 
14,755 
12,596 


30-4 
31-4 
37-0 
420 
280 
29-7 

30-8 
44-0 

28-0 
400 
31-6 

450 
40-0 
350 


Alsace Railway. ...... 


^ard Railway : 

Passenger traffic 

Gkxnls traffic . 


Rhenish Railway 

Totals and general averages 


1113 


13,38Q,469 


12,022 


32-9 



The data supplied by the English railways are so scarce, aifd 
io general so vague, as %o afford no adequate means of general 
ooimparison with the results above given. In the case of the 
London and North-western lines, however, a more detailed ac- 
count has been published, which, considering the great extent 
and traffic of that system of railways, is entitled to much atten- 
tion. 

On these lines, during the twelve months ending June 30, 
1849, there was a stock of 504 locomotives; hut of this number, 
47 were in store, newly-made, and not yet worked. The num- 
ber of engines, therefore, actually worked during the year, was 
457. These engines supplied the locomotive power, not only 
to the Northwestern lines, properly so called, but to the fol- 
lowing railways : 

Miles. 

Chester and Holyhead •« 80*50 

Preston, Lancaster, and C^lisle » 90*00 

Kendal and Windermere > m*^^ ^» 9 75 

Shropshire Union (Shrewsbury and Stafford) . ...,'• 29*25 
North Union (Parkside and Preston) ««• . . 22*00 

Total..'; 231*50 

London and Northwestern, main line;^d branches,* 438*00 

^ Total* v> ^^ . S^§b 
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The traffic of these lines was worked, during the twelve 
months ending June 30, 1849, by 457 locomotive engines, the 
total mileagif of which was as follows : 

MUeage. 

Passenger engines 4,649,556 

Goods engines 2,882,674 

Total 7,532,230 

Hence the average daily run of each engine was 45 miles. 

These results, obtained &bm services so various and numerous, 
leave no doubt that the average daily service of each locomotive 
engine is much less than would have been expected. If-tiie 
average speed on the Northwestern lines be taken at 28 miles 
an hour, we shall obtain the singular and somewhat unexpected 
conclusion, that the engines, taken one with another, are each 
worked with traffic little more than one hour and a half a day. 

By a return which I have obtained from the Northwestern 
Company, I find that, in the twelve months ending June 30, 
1849, they had in active employment an average number of 275 
engine-drivers, and an equal number of firemen^ Now it has 
already been stated, that during the same period the number of 
engines employed was 457; there were thus 10 engine-driver^, 
and firemen for every 16 engines. 

By dividing the total annual mileage of the engines by the 
total number of engine-drivers and firemen employed, we shall 
find the total annual distance driven by each; and dividing this 
by 365, we shall obtain the average daily work of each engine- 
driver and fireman, expressed in distance. This distance, divided 
by the average speed in miles per hour, will give the daily work 
on the road in time. The following are the details of this for 
the lines worked by the Northwestern Company : 

Total mileage of engines 7,532,230 

Number of engine-drivers and firemen .... 275 

Annual distance w<M:ked per head 27,390 miles. 

Daily distance worked per head 75 

Time daihr on the road (at the average 

speed of 28 ppules per hour) 2| hours. 

If it be assumed that the engines, one with another, work on 
alternate days, the actual distance run in each trip by each 
engine on the system of lines worked by the Northwestern 
Company .will be 90 miles; which, in time, at 28 miles ftr>hour, 
would be very nearly 3y\ h<mrs. 

It apiMMvS) thareforsy that the locomdtive power is worked to 
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greater advantage on these than on the continental lines gen- 
erally. We have seen that the average distance ran by each 
engine lighted on the Belgian lines was about 75 niiles. 

It has been customary, in some of the reports presented to 
the railway companies, to institute comparisons between one 
line of railway and another, founded upon the relation betweea 
the locomotive stock and the length of the line. 

Now such a mode of comparison can afford no legitimate 
consequence of the least importance, either in a financial or 
mechanical point of view. The quantity of locomotive power 
does not in any manner depend on the length of the railway. 
The locomotive power is used to draw the traffic, and for no 
other purpose. Its quantity, therefore, will depend on the 
quantity of the traffic, and the average distance ,to which it is 
carried, or, in other words, on the mileage of the goods and 
passengers. 

Two rulways having the same traffic mileage will require 
the same locomotive stock, be their length eqilal or unequal. 
If a million of tons of goods require to be annually transported 
an average distance of 500 miles, and ten millions of passengers 
also require to be annually transported 300 miles, it is manifest 
that the same locomotive power will be requisite to execute the 
traffic, whether the railway on which it is carried be 400 miles 
or 800 miles in length. 

If the object be to compare the merits of the management 
of the locomotive power, then the test of comparison should be 
the quantity of work executed by a given qmintity of this power; 
and the quantity of work must be decided by the useful mileage 
of the engines, and not by the length of the line. 

Nevertheless, we find railway authorities in high repute an- 
nouncing, that to stock a line requires so many engines per mile. 
To such a statement there can be no objection, provided it be 
made with the understanding that it applies to railways only 
which have a certain understood amount of average traffic 

But it is clear that, with every variation of the traffic upon 
the proposed railway, there must be a cbrresponding and pro- 
portional variation in the necessary amount of locomotive stock. 

A legitimate mode of comparing the merits of the manage- 
ment of the locomotive department will be found in the estimate 
of the average daily mileage of the engines. 

It is evident, that if we find on one railway — for example, the 
Northwestern — the engines performing a daily mileage of 45 
miles, while on another — the North of France— we Had them 
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performing a daily service under 30 miles, that the locomotive 
stock in the one case was more profitably managed than the 
other in the ratio of 2 to 3, it being understood that other 
things are similar. But even in this comparison it would be 
necessary that the length and weight of the trains should be 
taken into account; for if it prove that the weight of the train 
drawn 30 miles is greater than the weight of the train drawn 
45 miles in the proportion of 3 to 2, then the useful labor of the 
engines will, after all, be the same. In short, the test, and the 
only test, of the useful effect of the locomotive power is the 
actual mileage (including in that term the quantity) of the traffic 
which it execntes in a given time. 

It may be well here to repeat what is to be understood, through 
this work, by the term mileage. 

The entire amount of traffic of a given kidd is supposed to be 
reduced to another imaginary amount carried one mile; and the 
expression thus obtained will involve at once the consideration 
of weight and distance. Thus, for instance, if 10,000 tons be 
carried 100 miles, we assume It to be equivalent to a million of 
tons carried one mile, this last expression being denominated 
the mileage of the tons. It is evident that such an- expression 
combines the consideration of both weight and distance. 

The conditions which determine the amount of the locomotive 
stock necessary to work any given railway form a very important 
subject of inquiry in railway economy ; but It is a subject upon 
which we as yet possess but scanty and unsatisfactory data. As 
has been already stated, railway authorities have, with more rash- 
ness than skill, given a sort of rough estimate of it at so much 
per mile. This must, however, be regarded as utterly unworthy 
of attention, for the very intelligible reasons already explained. 

The amou'ut of locomotive stock depends exclusively on the 
mileage of the traffic: We shall see, in a subsequent chapter, 
bow, when the quantity and quality of the traffic is given, the 
number and mileage of the trains necessary for it can be ascer- 
tained. This being done, the mileage of the engines necessary 
to work these trains easily follows. 

The question is thus reduced to the determination of the 
number of engines necessary to work a given mileage. 

If we assume the results of the working of the Northwest- 
ern lines as a general modulus, it would follow, that to find the 
quantity of stock necessary for working a given daily mileage, it 
will be sufficient to divide this mileage by 45 ; the quotient will 
express the requisite number of locomotive engines. 
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B«t if there be any thing in the peculiar nature of the traffic 
to show the practicability of better economizing the locomotive 
power, and of obtaining from the engines a greater average 
amoant of daily work ; or, on the contrary, if there be any thing 
in the proposed service to render it impracticable to obtain so 
great an average amount of daily work, dien the estimated aver- 
age of 45 miles must be augmented or diminished, according to 
the proposed conditions. 

It is found that the number of tenders ought to be equal to the 
number of engines. 

In the absence of more certain and exact data, we may assume, 
as the means of an approximate calculation, that the amount of 
the locomotive stock necessary for each line of railway is in the 
direct proportion of the gross amount of its receipts, these re- 
ceipts being taken as the modulus of the traffic. 

We find by the official returns of the railway commissioners 
for the half-year ending December 31, 1848, |hat the receipts 
of the lines worked by the locomotive stock of the Northwestern 
Company was 661,320,819, while the total receipts of all the 
lines open for traffic was 665,744,964. It follows, therefore, 
that the ratio of the traffic of all the railways of the United 
Kingdom, taken collectively, to that of the lines worked by the 
Northwestern Company, was 43 to 10 nearly. 

Since, then, the number of locomotive engines and tenders 

necessary to work the traffic of the Northwestern lines was 

457, the number necessary for the traffic of all the railways col- 

43 
lectively would be 457 X — = 1965. 

It follows, therefore, from this approximate calculation, that 
the total work of the five thousand miles of railway open for 
traffic on Jan. 1, 1849, was performed by 1965 locomotives. 

In the same manner, assuming that the mileage of locomo- 
tives, in performing this work, was proportional to that of the 
Northwestern engines, its total amount would be found by 
multiplying the mileage of the Northwestern engines by 4*3. 
Thus we have 

7,532,230x4-3 = 32,388,589. 

The total distance run, therefore, by all the locomotives work- 
ing the traffic of the railways of the United Kingdom for the 
twelve months ending June 30, 1849, was 32,388,589 mi]es. 

This gives a total daily mileage of 88,736 miles. 

To illustrate these stupendous results, let us compare them 
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with moduli more in accordance with their magnitude Ihail are 
the ordinary phenomena witnessed around' ha» 

The distance from the earth to the sua is ninety-six millions 
of miles. 

The locomotives of the British railways would, at their pres- 
ent rate of work, pass over it in three years ! 

The circumference of the globe is twenty-five thousand miles. 

The same engines, with their present work, would go seven 
times round it in two days ; and, in doing so, each eqgine would 
work only 3i hours. 

Taking the average consumption of fuel by the locomotives at 
35 lbs. per mile, the total consumption for the twelve months 
ending June 30, 1849, would be found as follows : 

32,388,589 miles at 35 lbs. per mile = 506,071 tons. 

The traffic was therefore worked by half a million of tons of 
coke. 

But ten tons of coal are required to make seven tons of coke. 
The quantity of coal consumed in making the coke was there- 
fore 728,958 tons. 

We may, therefore, conclude, that the railways consume at 
present nearly three quarters of a million of tons of coid annually. 



CHAPTER VI. 

THE CARRTmO STOCK. 



Thk various forms of vehicle compOBing the carrying stock of 
a railway consist, like the locomotive stock, of two classes, cor- 
responding to the two great divisions of railway traffic, the traffic 
in passengers and the traffic in goods. 

By passenger trains are conveyed, besides passengers, certam 
other objects of transport which require expedition, and can bear 
a tariff of corresponding amount. These are principally car- 
riages, horses, baggage, parcels, and the mails. 

By the goods or merchandise trains are conveyed all descrip- 
tions of merchandise, of heavy goods and live stock, such as 
cattle, sheep, pigs, and calves. 

These two species of traffic are conducted by a different set 
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of agents, ftod in a great measure by a difiereDt establish meat, 
though connected with the same company. 

The trains are in general propelled by a different class and 
form of engine, at different speeds, and in^some cases at differ- 
ent epochs in lAie 24 hours. In short, between these two classes 
of traffic there is very little in common, except the road on which 
they are transported ; and it is doubtful whether the advantage 
of the railways would not have been better consulted,^ if a sepa- 
rate line of rails had been laid for the goods traffic. 

It is true that on most of the continental lines, and occasion- 
ally on the English railways, obeor two passenger carriages are 
often attached to goods trains, and goods wagons are occasionally 
attached to passenger trains ; but these may be regarded as ex- 
ceptions to the general rule. We shall therefore fall into no 
error of practical importance, if we consider the passenger trains 
as exclusively devoted to the one class of traffic, and the goods 
trains to the other. 

To each of the objects composing the passenger traffic a par- 
ticular form of vehicle is appropriated. The first-class passenger 
is accommodated with a spacious carriage, in which usually a 
separate seat is diyided off for each passenger, the interior being 
luxuriously cushioned, lined, and carpeted. Convenient means 
of vaiying the ventilation at the will of the passenger are pro- 
vided over the windows. A lamp is placed, in some of the best 
conducted railways, in the centre of the roof, with a reflector 
projecting the light downward, which illuminates the carriage in 
passing through tunnels, and at night. In some railways, also, 
a heater is placed in cold weather in first-class carriages under 
the feet of the passengers, and other accommodations of minor 
importance are provided. ^ ^ 

Carnages are appropriated to the second-class passengers, in 
which the seats are not divided, and where less room is left for 
each passenger. On the continental lines these carriages are 
usuallj^ lined, and have the seats cushioned. Less space is also 
left between the seats; carpets are not provided f nor are they 
always lighted or ventilated ; and never wariiifi<jL 

The carriages appropriated to third-class passengers are still 
more contracted in the space allowed lor a given number of 
passengers. They are neither cushioned^ lined, carpeted, ven- 
tilated, nor illuminated, and in some cases are unprovided with 
any other means of closing the windows than wooden blinds or 
coarse curtains. *■ These carriages are, however, usually roofed. 
These several arrangements vary mach in different railways. 
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The carriages proyided for the transport of horses are called 
korse-hoxes. Each of thenl coDsists nsaaUy of three stalls, the 
animal standing across the road, and therefore being carried 
sideways, and being completely inclosed and covered in. 

Private carriages are transported on flat trucks constructed 
for the purpose. They are rolled upon these, and when brought 
to their position, wedges are placed before and behind the 
wheels, and the carriages are lashed in their places. 

Passengers' baggage, except such small baggage or packages 
as the passengers are enabled to take with them, is usually carried 
in baggage-vans appropriated to the {Purpose, which are placed 
under the superintendence of a baggage conductcM*. These vans 
are divided into compartments, so as to enable the conductor to 
sort the baggage according to its place of destination. 

In some railways, including most of the English lines, pas- 
sengers* baggage is placed on the roof of the passenger car- 
riages. 

Under the title of parcels is included that class of transport 
which, before the establishment of railways, was denominated 
coach parcels, and which on the Continent is called *» Articles 
de Messagerie." This class of traffic, before the establishment 
of railways, was also extensively expedited in vans, which trav- 
eled at 5 or 6 miles an hour. 

The increased powers of expeditious transport obtained by 
railways has augmented this class of transport in a very large 
ratio. 

For the transport of the mails a special vehicle is provided, 
which is a moving post-office, being a bureau of considerable 
magnitude, provided with all the usual office furniture, and all 
the necessary means for the sorting of the correspondence as 
the train proceeds. 

In this way a certain portion of the business of the post-office, 
formerly executed before the dispatch of the mails, is performed 
upon the road, whereby expedition is gained. 

On some of the foreign railways, cattle, sheep, and pigs are 
also sent by the passenger trains. In England these are, how- 
ever, sent by goods trains. 

Commodities of consumption which are perishable are fre- 
quently sent by the passenger trains. Thus, on the continental 
railways, the produce of the dairy, the garden, and the farm- 
yard, as well as fish, are frequently sent by these trains. 

The goods trains are appropriated to the transport of heavy 
commodities of every description. They consist of wagons of 
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various forms, some closed, some opeo, some having sides and 
ends, but open at the top, and some being mere platforms on 
wheels. 

These ara appropriated to the transport of different <}lasses 
of goods, according to their quality, and the degree of care and 
shelter necessary for them. 

The roofs of close wagons are frequently covered with an 
awning prepared with caoutchouc, so as to render them water- 
proof. 

The forms of the wagons appropriated to cattle vary accord- 
ing to the class of cattle they are intended to carry. 

Beasts are carried in wagons having only a single tier. Pigs 
and sheep are often carried in the same wagon, tier above tier, 
and crowded very closely together, a wagon not unfrequently 
carrying 70 to 80. To facilitate the loading and discharge, these 
classes of animals are sometimes sent in cribs provided by their 
owners, which only require to be laid and fastened upon a plat- 
form wagon. 

The carrying stock of a system of railways forms an import- 
ant item in its movable capital. .... 

On the Belgian railways, consisting, as has been stated, of 347 
miles, there were, on 1st January, 1847, 724 passenger carriages 
and 2507 goods wagons. 

On the North of France railway there were, on 1st January, 
1848 (322 miles of railway being theo open)^the following car- 
xying stock : 

First-class passenger coaches l02 

Second-class passenger coaches 183 

Third-class passenger coaches 199 

M Baggage-wagons 97 

Carriage-trucks 78 

Horse-boxQS 50 

Milk- wagons « . , 20 

Goods-wagons .i 1459 

Sugar- wagons 200 

Cattle-wagons 410 

Sheep- wagons . 50 

Post-offices 2 

Total stock of vehicles 2850 

According to the report of Captain Huish, the following was 
the amount and value of the carrying stock of the Northwest- 
ern Railway Company, on the 1st January, 1848. 
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Passenger Vehicles. 



State carriage 

First class, 6 wheels... 

Do. 4 do. ... 

Mails.> 

Composite 

Secoiod class 

Third class (closed) 

Do. (open) ..... 

Post-offices 

Horse-boxes. . ........ 

Carriage-tracks ...... 

Parcel-vans 

Gaard-vans ., 

Ballion-vans 

Post-office tenders..... 

Luggage-vans 

Parcel-carts 

Milk-tracks 

Brake- wagons 

Convict carriage-track. 



Goods VekieUi, 
6 Ton lar^e goods wagons 
A\ " ordinary do. 
3f *' small do. 

Cattle-wagons 

Coal-tracks (iron)....... 

Timber-tracks 

Brake-wagons 

Sheep-vans ... ..... 

Powder magazines 

Iron trolleys 



C B 
« O 



Jfo. 

1 

20 

154 

16 

25 

178 

52 

43 

3 

136 

149 

13 

42 

4 

6 



842 



IS 



Jfa. 

8 

136 

16 

6 

178 

80 



54 

56 
6 

18 
5 
7 
5 

14 
2 
4 
1 



Manchester 

and 
Birmingham. 



3 



596 



>««, 


100 


► 831 


1593 


510 


1077 


382 


83 


12 


• • 


53 


24 


117 


• • 


4 


• m 


4 


m m 


1913 


2877 



A*d. 



38 

• « 

4 
45 
18 
32 

5 
SO 
12 

7 

2 



1 

28 

328 

32 

35 

401 

150 

75 

• 8 

210 

217 

26 

62 

9 

13 

5 

19 

2 

4 

1 



188 



1626 



Value. 



Average 
Price. 



£. 

doo 

420 

320 

250 

200 

220 

170 

80 

390 

105 

88 

180 

175 

100 

210 

220 

20 

60 

30 

160 



Total. 



£. 

900 

11,760 

104,960 

8,000 

7,000 

88,220 

25,500 

6,000 

3,120 

22,050 

19,096 

4,680 

10,850 

900 

2,730 

laoo 

380 
120 
120 
160 



317,646 



29 
192 
542 

30 
653 



1446 



2745 

2129 

495 

653 

12 

77 

117 

4 

4 



6236 



Viz.: 
Soathem Division, 1913 at 72Z. 10s. each, average. 

Northern Division, 2877 at 56/. each 

Manchester and Birmingham, 1446 at 41/. 10«. ... 



£ 

138,692 

161,112 

60,009 



s. 

10 





The carrying stock, like the locomotive power, of the Nerth- 
western Company, was used to work the traffic of other 
lines which the company contracted to supply with rolling 
stock. 
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Passenger vehicles were supplied by the company for the 
entire traffic of the folbwiog lines during the twelve months, 
ending 30th June, 1849 : 

Miles. 

London and Northwestern, and its branches 438 

Chester and Holyhead ^801 

Kendal and Windermere 9r 

Shrewsbury and Stafford (Shropshire Union) 29}* 

Preston and Carlisle 90 

Preston and Parkside (North Union) 22 

Total supplied with passenger vehicles 669^ 

* 

Gbods vehicles were provided for all the above lines, except 
the Preston and Carlisle. 

In the carrying d^artment a register should be kept exhibit- 
ing the mileage of each individual vehicle, similar to the register 
already described in the drawing department ; but inasmuch as 
the duty of the carrying stock is more simple than that of the 
drawing stock, there will be less complexity in such a register. 
All that can be required is, that the carrying stock shall be 
classed and properly designated by numbers, so that each vehi- 
cle may be distinguished and referred to. 

In the register should be stated the total mileage from month 
to month, of each particular vehicle* By comparing the total 
mileage of all the vehicles, of any particular class, worked upon 
the railway with the number of such vehicles included in the 
carrying stock, the average mileage of each vehicle of that class 
can be ascertained. 

Thus if C express in general the number of any particular 

class of vehicle, and c the total annual mileage of such class, 

c 
then T7 will be the average annual mileage of each vehicle of 

that class 

As an illustration of this, I give in the following table the 
number, the total mileage, and the average annual mileage of 
the various classes of vehicles employed on the Belgian rail- 
ways in the year 1844. In the first column is given the num- 
ber of vehicles, in the second their total mileage, in the third 
their average annual mileage, and in the fourth their average 
daily mileage. 

* The Shropshire Union was not opened for traffic until June, 1849. 
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Deseripdon of Vehicle. 



Fa«Benger-coacheB| iBt class.... . 

" 2d class 

" 3d class. 

B^gage-vans- 

Parcel-vans _..-...-.,... 

Horse-boxes 

Carrtage-tmcks , 

Goods-wagCMis 

Cattle- wagons fbeasts) 

" (sheep, pigs, dec.) 



Number. 



110 

186 

290 

27 

33 

25 

75 

1735 

36 

12 



Total 
Mileage. 



1,671,454 
2,ai3,231 
2,591,136 

839,000 

1,056,360 

93,208 

310,700 
8,432,188 

139,777 
46,604 



Average 

annual 

Mileage. 



15,195 

10,824 

8,935 

31,074 

32,010 

3,728 

4,143 

4,860 

3,883 

3,882 



Average 

daily 
Milcagja, 



41-6 
29-5 
24-5 
850 
860 
10-2 
110 
13-0 
10-5 

ie-5 



' It appears from this table that very coDsiderable differences 
exist, in the case of the Belgian railways, betweo the extent to 
which the different classes of vehicles comprising the passenger- 
carrying stock have been utilized. That part of the stock, how- 
ever, which appears most exceptional in this respect, viz., the 
horse-boxes and carriage-trucks, were comparatively little used. 
The baggage-vans and parcel-vans, on the other hand, were 
more largely utilized, having a daily mileage of more than dou- 
ble that of the first-class passenger coaches, while the latter 
had a considerably greater daily mileage than either the second 
or third class. 

It is to be regretted that the railway reports, whether in 
England or on the Continent, supply extremely scanty mate- 
rials for general conclusions as to the relative daily service of 
the different classes of vehicles employed in passenger trains. 
We have, however, some collective results, which afford con- 
clusions that may pretend te generality. 

I have arranged these in the following table (see page 96), 
in which is included also the aggregates of the preceding 
table. 

The daily duty resulting from these calculations of the dif- 
ferent classes of carriages employed is so much smaller than 
might have been expected, that, if we had not so large a basis as 
that given above, some distrust might be entertained of the ac- 
curacy of the results. 

Although we can not command, at present, more extensive 
data for the calculations of the carrying stock in classes, we 
have some further means of estimating its collective amount, 
the results of which will further corroborate the above con- 
elusioBfl. 
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Name of Railway. 


Number 

of 
Carriages. 


Total 
Mileage. 


Average 

annual 

Mileage. 


Average 

daily 
Mileage. 


First'Clcus Carriage*. 
Beleian Lines, 1844 ........... 


110 
101 
102 


1,671,454 
1,889,990 
1,544,011 


15.195 
18,811 
15,137 


41-5 
510 
41-5 


North of France, 1847 


" 1848 


Totals and averaget 

Second-Class Carriages. 

BelgianLines, 1844 ..-_ 

North nf Franme, 1 847 . . , , 


313 


5,105,455 


16,311 


44-7 


186 
183 
183 


2,013,331 

2,364,209 
2,330,800 


10,824 
12,919 
12,731 


29-5 
35-5 
350 


" 1848 


Totals and averages 

Third-Cla9§ Carriages. 
BelgianLines, 1844 


552 


6,708,240 


12,152 


33*3 


290 
218 
200 


2,591,136 
2,442,726 
2,197,287 


8,935 
11,205 
11,042 


24-5 
310 
30-5 


North of France, 1847 


" 1848 


Totali and averages 


708 


7,231,149 


10,213 


27-8 



We have before us the collective mileages and quantities of 
the carrying stock used on 6ve foreign railways, including th* 
results of the year 1845 of the Belgian railways. We have 
given these in the following table : 



Mileage of Passenger-carrying Stock. 


Names of Railways. 


No. of 

Vehicles in 

carrying 

stock. 


Total 
Mileage 


Average 

annual 

Mileage. 


Average 

daily 
Mileage. 


PrHs ftnd CMflans -- 


269 
207 
112 
63 
040 


4.462,822 
4,817,792 
2,427,924 
1,064,373 
10,030,078 


16,613 
23,274 
21,669 
17,212 
11,202 


45-5 
640 
590 
470 
310 


Paris and Rouen ....... 


Alsatian Railwavs ....^--t-- 


Bihenish B/ailwavs. . ........ 


Belgian Railways, 1845 

Totals and averages 


1591 


22,828,989 


14,349 


390 



The daily mileage obtained here, as the average for all classes 
of vehicles used in passenger traffic on the above railways, is 
greater than what would result from the previous calculations. 
This is explained by the particular character of the traffic on 
the principal lines included in the table. They pass, in genera), 
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through districts t)iiDly peopled, having few important stations 
and few departures, the consequence of which is, that the dis- 
tance traveled in a single trip, or the average mileage of> the 
9assengers, is greater than in the case of railways passing 
through a more densely peopled country. This is rendered 
manifest in the table itself, by the comparatively smalt daily 
mileage afforded by the vehicles on tlw Belgian railways. 

As I have so often already stated, we are without the neces- 
sary data for making similar calculations with respect to English 
railways geneml^ ; but I have procured a return of the carrying 
stock on the lines worked by the Northwestern Railway during 
the half-year ending Slst December, 1848, whkh will supply 
inferences which are valuable in proportion to the great extent; 
of railway to which they refer. I have already shown that 
these returns include the traffic on nearly seven hundred miles 
of the most active railway enterprise in the United Kingdom. 

In the previous table I have given the number of vehicles 
employed in the passenger traffic, their total mileage, as ealoa^ 
lated from the average loads estimated by Captun Huish, w 
being transported in each class of carriage, and the total mileege 
of the p^sengers, of which I possess a return. 



Tabular Akaltsis of the Movement of the Passepger-canying Stock 
(» the Lined worked by the Northwestern Company daring the Half- 
year ending December 31, 1849. 



Passenger coaches : 

Ist class 

2d class ..>_ , 

3d dass 

Totals and averages 



Number 

of 
Vehicles. 



451 
416 
2«9 



1096 



fotal 
Mileage. 



4,834.324 
3,448,364 
1,606,760 



9,889,448. 



Averafe 
Mileage 

per 
Vehicle. 



10,719 
8,289 
7,016 



9,023 



Average 

daily 

Mileage 

per 
Vebicle. 



58-8 
49*5 
38*6 



49-5 



The genera] accordance of these results is remarkable, and, 
considering the great extent of mileage, and the various sources 
from which they are derived, the conclusions deduced from 
them may be considered to be attended with much precision 
and generality. We may therefore be safe in asisuming, as a 
fair approximate estimftCe of passenger traffic as now worked 
on British railways, that the average daily mileage of ^i^t, 

£ 
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second, and third-class coaches is 59, 45, and 36 miles respect- 
ively. 

In calculations, therefore, of the requisite amount -of carrying 
stock of each class, it is only necessary to obtain an estimate of 
the mileage from the assumed traffic, the method of ascertain- 
ing which we shall explain hereafter. Let, then, the estimated 
daily mileage of the first-class carriages be divided by'^9, that 
of the second-class carriages by 45, and that of the third-class 
carriages by 38, and the quotients will give the number of each 
of these classes of vehicles necessary to work the traffic. 

Meanwhile, let us proceed to the examination of the mer- 
chandise-carrying stock. 

For this purpose, vfe have data sufficiently extensive derived 
from foreign itiilways. 

In the following table I have given the goods-carrying stock 
and its mileage on the undermentienjed lines. 



Mileage of the Gkx>d8-calTying Stock. 


Name of Railway. 


Number 

of 
Vehicles. 


Total Mileage. 


Average 

annual 

Mileage. 


Average 

daily 
Bfileage. 


Belgian Railways, 1844 

" 1845 

North of France, 1847 

1848 

Paris and Orleans .- 


1,783 

2,073 

2,316 

3,069 

380 

420 

155 

304 


8,618,.569 ■ 

14,103,406 

13,402,330 

14,505,689 

3,783,963 

4,237,034 V 

1,389,847 

2,267,962 


4,883 

6,803 

5,786 

''4,739 

9,957 

10,088 

■8,«66 

7,460 


140 
190 
160 
130 
270 
280 
240 
20-5 


Paris and Rouen 


Alsacian Railways 

Rhenish Railways 

Totals and. averages 


10,500 


62,308,800 


5,934 


16-25 



The discordance which prevails in some of these* results ad- 
mits of easy explanation. On lines which pass through a thinly 
peopled district, having but few stations, the distances to, which 
the traffic is transported are proportionally great, and, accord- 
ingly, the average daily mileage of the wagons ia increased. In 
the case of more buBy traffic, as on the Belgian and North of 
France railways, the distances are less, and we find, accord- 
ingly, the average daily run of the wagons proportionally de- 
creased. 

The general average of 16 miles may be taken as a fau: esti- 
mate, at least on the continental railways. 

Accoi*ding to the reports of Captain Huish, given above, the 
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goods-earryiog stock cm the liii«B worked by the NortiiweBteni 
Compaoy, in 1848-9, consisted ~<of 6236: vehicles of all desorip- 
tioDB, the chief part orwhich were merehandise wagoos, carry- 
ing an average load jof 2^ tons.. AVe faaTe no direct or accurate 
means of calculating the mileage of this stock,>l>at J have made' 
an approximate estimate of it by comparing the total receipts 
with the average tariff per ton per mile. 

Tabtji«ab. Analysis of the Movement of the Groods-oarrying, Stock on 
the Lines worked by the Northwestern Company during the half- 
year ending Dec. 31^ 1848. 

Number of vehicles ^ .. . 6,236 

Total estimated mileage .'. ..!....... 31,259,840 

Average mileage per vehicle 5,013 

Average mileage per vehicle, per day . 27*5 

The small amount of the daily useful mileage of the goods- 
carrying stock, is explained by the great length of time which 
is always consumed in the loading and unloading of the wagons,: 
and in waiting for the formation of complete loads and trains. 
The goods are not generally dispatched at stated intervals, like 
the passenger traffic; they are collected in the goods ddpdt, 
sorted according to their destinations« and loaded. The wagons 
are detained in sidings, until a sufficient quantity is collected to 
form a complete load. When they have arrived at their several 
destinations, they have to be discharged, and to wait for a re- 
turn load, or to be sent back empty. 

All these circumstances involve a large consumption of time, 
and it will be easily understood, when the dpeed of the trans- 
port is considered, how small a proportion the time of transport 
must be to the time during which the goods-carrying stock is 
either waiting or undergoing the process of loading or discharge. 

Taking the average speed of the goods traffic on the conti- 
nental line at 14 miles an hour, it would follow that the average 
time that the carrying stock is actually employed in carrying 
transport does not much exceed one hour. 

If we take the average speed of the goods trains on the En- 
glish railways at 18, miles an hour, it will follow that each vehicle 
is worked for an hour and a half daily. 

In exhibiting the annual duty of the rolling stock, it is neces- 
sary to ascertain the average number of each class of vehicle 
drawn by each engine, or, in other words, the average compo- 
sition of each train. This may always be determined by com- 
paring the analysis of the carrying stock, such as above de- 
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scribed, with the analysii «f the performance of thf locomotire 
stock exhibited in the last chapter. - 

To ascertain, for example, the avelrage number .of first-dasM 
carriages drawn by eaeh engine, it is only necessary xa di?ide 
the total mileage of the first-class carriages by the total mileage 
of the passenger engines ; and in the same way may be determ- 
ined the number of each class of vehicles dcawn by each class 
of engine. 

As an example of this calcalation, the following computation, 
from the official reports of the Belgian railways for 1844, is 
given. The numbers are merely the quotients found by divid- 
ing the total mileage of the seTeral classes of yehicles already 
given by the mileage of the passenger en^nes on the one hand, 
and of the goods engines on the other. 

Average Number of Vehicles of each ClafltT drawn l|)y each Eagine. 

In passenger trains : 

Passenger carriages, Ist class ^ 1*61 , 

„ 2d class 1*94 

„ 3d class , 2*50 

Baggage-vans , ■. (fSl 

t'arcel-vans 1*01 

Horse-boxes .'...;..... 0*09 

Carriage-trucks ; . . . 0*S0 

In goods trains : 

Goods-wagons • 15*41 

Cattle-wagons (beasts) '. 0'Z5 

„ (small cattle) -eOS 

Total number drawn : 

In passenger trains 8*26 

In goods trains 15*74 

To explain the meaning of the numbers contained in the 
above table, it is only necessary to state that, when it is said 
that the average number of vehicles composing a passenger 
train was 8*26, and the average number of vehicles composing 
a goods train was 15*74, it is meant that 100 passenger eo^es 
drew 826 vehicles, and that 100 goods engines drew 1574 
vehicles. In like manner, when it is said that the average 
number of baggage-vans drawn by the passenger train was 
0*81, it is meant that, in 100 passenger trains, there were 81 
baggage vans. 

On railways where passenger traffic is to any considerable 
extent combined with goods traffic, it is desirable that a mileage 
aocoont should be kept of such passenger traffic as n 
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with tbe goods tram separate from th^ general passeBger 
traffic*- 

The foHowiDg exaqnple, compated from the reported per- 
formanoe of the Paris and Orleaas Railway, will farther illna- 
trate this. 

As the goods trains were frequently drawn by tWo engines, 
we shall give separately the computation of the average number 
of Vehicles drawn by such goods engines, and the average num- 
ber of vehicles composing each train. The one wiH be found* 
by dividing^he mileage of the vehicles respectively by the total 
roifeage of the goods engines ; the other will be found by divid- 
ing them by the mileage of the trains. The latter will evidently 
give the average composition of the trains ; while the fbrmer 
will give the averag6 composition of the trains, considering eaeh 
train drawn by two engines as two trains. , 

In the first column of the following table is given the designa- 
tion of the vehicles, in the Second is given their mileage, and in 
the third is given the quotients obtained by dividing this mile- 
age by the total ''mileage of the goods engines, which, in this 
case, was 153,227 miles; and in the fourth column is given the 
quotient obtained by dividing the mileage of the vehicles by the 
total mileage of the trains, which, in this case, was 140,147. 



•Vehicles drawn. 



■ 

Flour-wagons 

Covered goods-wagoas 

Plat£brm-wagon9 ^ 

Cattle-wagons '--^.... 

Horse-boxes ^ 

Carriage-tracks ..-,.--*--. .*., 

Passenger carria^s : 

Ist class '. 

84 class J. 

3d class... 

Baggage- wagons 

Total 





Average 


Average 


* 


Number of 


Number of 


Mileage. 


Vehicles per 


Vehicles per 


V* 


Engine. 


Train. 


1,303,398 


8-5 


9-30 


99d,344 


6'5 


7-08 . 


627,614 


41 


4-48 


680,108 


3-8 ' 


4-14 


SS,423 


0-15 


016 


31,023 


0-14 


0-15 


32,232 


0-21 


0-23 


140,147 


0-91 


l-OO 


21,023 


014 


0-15 


60,T25 


0-39 


0-43 


3,800,837 


2313 


27-19 



The reports of the English railways afford bo general ^ata 
for such estimates of the composition qS the trains. Some cent 
elusions respecting the composititfQ of the trains may, Jiowever, 
be dednced froih the data girett above, ia reference ta^the 
traffic of the lines worked by tha NonimeBt^ Ctfm^anjT/'^. * 
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By dividing the estimated mileage of the three claaeefl of 
passeDger-coaches by the mileage of the passenger-eogioes, of 
which we have given the return, p. 85, we find .that the num- 
ber of each class of carriage drawn by each engine-was, on an 
average, as follows : 

Ist class coaches 2'00 

2dckLSS „ 1*48 

3d class „ 0*69 

Total 4-17 

This result must be interpreted with reference to the man- 
ner in which the trains are organized oq these and other En- 
glish railways. Some trains consist of first-class carriages only; 
others of first and second-class; and others excltisively, or 
principally, of third-class coaches. The above computation 
gives the number of coaches of each plass which would enter 
into the composition of each train, if the coaches of each class 
were uniformly distributed among all the trains. ' In the prac- 
tical working of the line the first-class trains have more than 
2*00 first-class coaches ; and the third-class trains more than 
0*69 third-class coaches. 

It is necessary also to state, that the data on which thes6 cal- 
culations are made, so far as relates to the English lines, are 
altogether iosufficient and unsatisfactory; and the conclusions 
are only to be received as the best approximation that can be 
made with the stinted information obtained. 

No data are attainable by which either the mileage of the 
other vehicles composing the passenger trains, such as horse- 
boxes, carriage-trucks, vans, 6^., or the number of these re- 
spectively which enter into the average composition of a tr^n^ 
can be ascertained, even approximately. 

To ascertain the average number of wagons composing a 
goods train, we must divide the mileage of the goods wagons by 
that of the goods engines. This gives, for the lines worked by 
the Northwestern Company, as quotient, 21*7. Thus it would 
follow that the average number of go6ds wagons entering a train 
was 21*7, which, with brake-vans, &c., would compose a train 
of 24 to 25 vehicles. 

These conclusions, though obtained poly .on approximnj» data, 
are in near accordance with the average magnitudes of the trains, 
accoi*ding to the estimate of Captain Huish. 

He estimates a passenger train, on the Northwestern lines, 
at 70 tons, engine and tender included. If the engine and ten- 
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der, with their coihplement of water apd fuel, be taken at 30 
tons, and 5^ tons be allowed for each vehicle with its load, we 
should have about seven vehioles composing the train. But, from 
the preceding calculation, it appears that of these, 4*17 are pas- 
senger-coaches. There would remain, therefote, about three 
for horse-boxes, carriagortrucks^ luggage and parcel-vans, break- 
vans, and post-offices. 

Captain Huish also estimates the average weight of a goods 
train at 154 tons. If 34 tons be allowed for the engine and 
tender, we shall have 120 tons for the wagons, which, at 5 tons 
per wagon, would give 24 wagons as composing the train. By 
the preceding computation the number of goods wagons w^uld 
be nearly 22* which, with brake-vans, would make up the esti- 
mated number. 

If it be required to exhibit the average extent to, which the 
railway has been used by the rolling stock, it will be sufficient to 
compare the mileage of each class of vehicle with the length of 
the Une. To prevent erroneous inferences, it will be necessary, 
however, clearly to ex[)lain what meaning ought to be attached 
to the results of such a process of calculation. 

Let'HS first take the locomotive stock. 

If the total mileage of the passenger engines be divided by 
the total length of the railway upon which they afe worked, the 
quotient will represent the average number of passenger engines 
which have run over every part of the road. The meaning of 
this is, that the quotient will express the number of passenger 
engines which, ha?ing run each on.ce over the entire extent of 
the railway, will have accomplished, the same total mileftge as 
have the actual passenger, engines.- In eifect, this is nothing 
more than diffusing, as it were, the mileage of the engines, 
which was unequally distributed oven different -parts of the line, 
uniformly over- the whole line. 

The same explaqation will apply to the mileage of the goods 
engines, and to the mileage of every class of vehicles. 

If, then, we divide suceessively the total rnileage of each class 
of engines, and of each class of vehicles composing the carrying 
stock, by the length of the railway, we shall find a series of 
quotients which will express the number of engines and of ve- 
hicles of each class, each of which being once moved over the 
entire railway would have accomplished the same total mileage 
as the entire rolling stock has actually done. 

Thus, as already explained, thia process consists in diffusing 
uDiibrmly over the i^hole line the mtJeage of the rolling stock. 
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As ad example of this; let us take the Belgian raH^ajs for the 
year 1844. 

The entire length of the railways on which the rolling stock 
was employed was 347 miles. If we divide this into the mile- 
age of the locomotive stock given in table p. 84, and into that of 
the carrying stock given in table p. 9^, we shall obtain a series 
of quotients which will exhibit the number of engines, and mile- 
age of each kind, which, being distributed uniformly over the 
whole length of the railway, will represent the actual amount 
of traffic. This is exhibited in the following table : 

Table showing the Quantity of locomotive and oarryiog Stock which, 
being moved the whole Length of the Belgian Railways, consisting 
of 347 Miles, would have the same Mileage as. the actual Stock. 

Engines.. .. .i,. ..;.... 4556 

Passenger-carry iiig stock : ' 

' Passenger carriages, 1st class ^ • > • •' 4814 

^, 2d class ! 5802 

„ 3d class 7467- 

Baggage-vans .V 2418 

Parcel-vans ......<......».... 3044 

Horse-boxes .^. . .~. . . 268 

Carriage-trucks '. • • i « . . . . . 89^5 

Goods-carrying stock : ■'. 

Goods-wagons » 2429 

, Cattle-wagons (beasts) ^ ........*. * 402 

„ (small cattle) 134 

Iq the case of a system ^f railways oo which the trafl^c is 
tolerably, uniform, this average distribution of the traffic over 
the entire Hue may be safely adopted as the basis of general 
reasoning; but it frequently happens, in an extensive system of 
railways, that different parts of the Hoe are very unequally used 
by the traffic. An extremely active traffic will prevail on some 
sections, while others are comparatively deserted. Any aver- 
age calculation of this kind requires, therefore,. in sueh case, to 
be applied in a qualitied sense; and indeed it is desirable in- all 
cases to obtain, as far as practicable,. an estimate of the extent 
to which every separate section of t^e railway is used by the 
rolling stock. 

On the continental railways, where records of the services 
are maintained, with more care and accuracy than appears to be 
customary in England, the amount of traffic on every section of 
the line can be separately obtained and exhibited. We shall 
return, to this subject in a following chafiter. . 
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Tjo itseertftin the dead Weight drawn by each eDgio)d, it is 
only necesMiy to know the average weight of each species of 
empty vehicle. In the ca«e of the Belgian railways, the follow- 
ing were the Weights of the different xstasses of vehicles : 

. In Tons. . 

^^ Pftsseifger carriage, 1st class 3*15 

'» Sdclass ^00 

" 3ddlasfl...... .: 2-76 

Baggage-vans ...../....,. 3*50 

Pairoel-vans ....:. 3*25 

Horse-box ^ . . .v ; 3:40 

Carriage-track , w>. . . . . . . . 2*60 

■ Groods-wagon. . . . v • 2*60 ' 

Cattle-wagon (beasts) 2-6Q 

" ' (small cattle)... -..'... 2-^0 

The average amount of dead weight drawn by each engine 
may be found by comparing the average, composition of ekch 
train with the average weights of the different classes of car- 
riages composing it. Thqs, by comparing the above tables, the 
one showing the average composition of the passenger and goods 
trains, and the other the weights ef the vehicles composing them 
respectively, we ahall find the foilaWing to be the average dead 
weight drawn by each class of engine : 

In passenger trains : ' Tons. 

Passenger oarriages, 1st class .••..•••• • 5*07 

^' 2dolass.. 5-82 

" 3d class. ;..:... ......... 6*88 

Baggage-v^.^ 2*84 

Parcel-vans i 3*28 

Horse-boxes 0*30 

Carriage-trucks ••••••• « • « • • 0*78 

Ib goods trains : 

Groods-wagons ..••....• 40*07 

Cattle-wagons (beasts) O'GS^ 

'' (small cattle) ^. . . 0*21 

Total dead weight drawn by eaiph engine : 

In passenger trains 27*73 

In goods trains 40*93 

As the carrying business of the railway companies is^t present 
conducted, some practical difficulty may arise in making deduc- 
tions from the mileage of the carrying stock, as compared with 
that of the traffic ; for, as will be presently explained, the ciir- 
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rying stock of each compaoy runs more or less over the lines 
of the others. The traffic, therefore, of each company is not, 
strictly speaking, earned by its own carrying stock exclusively; 
and, on the other hand, its own carrying stock is no>t exclusively 
employed in carrying its own traffic. If, however, it may be 
assumed, in reference to the operations of a large company like 
the Northwestern, that the average amount of mileage of the 
rolling stock of other companies which pass over its lines is equal 
to the average mileage of its own rolling stock upon other lines,, 
the result of calculations made by comparing the mileage of the 
rolling stock with the traffic, will still in the main be correct. 

To obtain perfectly exact inferences, however, with regard 
to the use of the carrying stock, we ought to be in. possession, 
on the one hand, of the total mileage of the trisiffic of each class 
carried by all the companies, who use their carrying stock in 
common ; and, on the other hand, of an acoount of the mileage 
of the total carrying stock they use in common. In effect, the 
general business should be treated as though it were the business 
of a single company, and the general carrying' stock similarly 
regarded. 

This point naturally leads to the consideration of the subject 
of the clearing-house, which we shall explain in a subsequent 
chapter. 

To ascertain the proportion of the dead weight to th6 profit- 
able load on the English railways, we do not possess as full or 
satisfactory data as in the case of foreign railways, where the 
official and other repoits supply more ample and minute details. 
It may be stated, however, generally, that^the Weighs' of the 
first-class coaches on the English railways at present varies from 
4^ tons to nearly 5 tons ; that the weight- of the second-class 
carriages varies from 3^ tons to 4^ tons ; and that of the third- 
class carriages from 3 to 4 tons. 
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CHAPTER VII. 

MAINTENANCE AND REPROBUCTION OF THE ROXLING STOCK, 



A quESTioN has lately been raised among railway companies, 
respecting the wear and tear of the rolling stock, and the proper 
method of maintaining it in a state of perfect Efficiency. 

Analogies have. been suggesjied between this and the perma- 
nent way, and it has been argned thai;, as the permanent 'way, 
notwithstanding its annual repair, is liable to a gradual deteriora- 
tion from year to year, and wirllat length become so worn as to 
require complete renewal; so the rolling stock, notwithstanding 
its annual repairs, will be in a like condition, and at a certain 
epoch, more or less- remote, will be brought to a state of decrep- 
itude, so to .speak, which will reduc^e its value to that of eld 
materials; and that at this epoch, whenever it may arrive, a 
like renewal of. the rolling stock, including under this term 
-the drawing, stock and the carrying stock, will become neces- 
sary. 

It was only, lately, however, that the^^^qae8tion was raised >, 
. whether the rolling stock was really, in the condition here de- 
scribed, analogous to the permanent way, and whether there is 
in fact incidental to it the insensible deterioration not made ) 
up by the regular annual repairs and replacement of worn-out > 
stock. . ; . ^ 

Nothing can be more simple and manifest than the economical 
principles upon which the solution of such a question must be 
founded. ' Railway companies huve a double character. They 
are at once proprietors and farmers, landlords and tenants. As 
owners of the road they are proprietors, as workers oi the road 
they are tenants. 

In the one capacity, they are guardians of papitid; in the other, 
they are administrators of revenue: in the one, they haf^e an 
interest to maintain the permanent way and the floating capital 
in the highest state of efficiency out of revenue ; in the latter, 
they have an interest not to expend more out of revenue than 
they are required to do with reference to the stock delivered to 
them for work. 

The first projectors of the improved modern railwaysfeontem- 
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plated themselves only as proprietors of the lines. They in- 
tended to make a road, and to ofTer it to the public to be run 
upon, oil persons having the means of transport upon it, paying 
them a toll for its use. The railways, however^ had scarcely 
come into operation, when it became glaringly manifest that this 
aualogy to a common road was altogether destitute of foundation, 
and that the new instrument of transport must be worked upon 
principles, and by methods, totally different. It became evident, 
in a word, that the proprietors of the road must themeelves be- 
come carriers upon It; the unity of management, and the hiarmony 
of movement, indispensable to the efficient action of its peculiar 
mode of transport, rendering this indispensable. 

The Liverpool and Manchester Railway Company therefore 
at once provided, under the force ofjcircumstanees, an appa- 
ratus for transport between these two great commercial marts. 
Other railways quickly succeeded, and followed the same 
course. 

Various other exigencies soon pressed upon the railway pro- 
prietary. In the first instance, they derived their supply of 
drawing and carrying stock from the established Manufactories 
of engines and carriages in various parte of the country. The 
demand, however, for these objects of fabrication multiplied with 
unparalleled rapidity. A supply was required, net only by com- 
panies throughout the United Kingdom, but by companies which 
sprung into existence in all parts of Europe. The established 
manufacturers were utterly unable to meet demands so extensive, 
and, in a short period after the opening of the Liverpotfl and 
Manchester Railway, all the steam-engine manufacturers ra 
England had more orders than they could satisfy in several 
years. 

Under these circumstances, the railway companies saw them- 
selves reduced to the alternative, either of suspending their 
progress, or of fabricating for themselves. " They, of course, 
adopted the latter measure, and proceeded to erect extensive 
works for the manufacture of engines and carriages, at cbnreniebt 
points upon the principal lines. 

Ultimately, this measure was crowned with complete success; 
and the large companies were soon in a condition, not only to 
supply all their own wants, but to furnish engine power and 
vehicles of transport for the smaller companies, whose. means 
did not justify them in erecting similar establishments. Thus, 
the Northwestern Company have establishments for thb fabri- 
cation of every part of their rolling stock at Crewe, Wolvertop, 
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LoDgsighttLirerpool, and London ; and the ottier large companies, 
thoogh leM amply, are still adequately provided. The establish* 
ments of the Northwestern Company are of such magnitude 
as to enable them te supply fthe-stock necessary to work, not 
only their own &ie8, consisting of about 450 miles, but also the 
lines of other companies, extending to about 220 miles more. 
The three factories at Crewe^ Wolrerton, and Longsight have 
absorbed a capital of nearly half a million sterling. 

At Wolrerton, a station about 50 milea from London, and 
therefore midway between London and jBinliiBgham,the North- 
western Company haye built' a factory Ibr the maintenance 
and repair of the locomothre stock employed upon this section 
of the railway, with its branches included between London and 
Birmingham, formerly known as the London and Birmingham 
Kailw^y, knd at present distinguished as the southern division 
of the Northwestern Railway. The aspect of this establish* 
ment would afford to any intelligent observer a striking evidence 
of the great cost at which the locomotive poWer of a railway, 
having so active a traffic as this, is maintained. 

The factory itself, of .immense extent, is supplied with a 
large stock of machinery of ev^ry kind used in constructing 
those great engines whose performance has so justly excited 
the astonishment and admiration of the public. Here are seen 
two or three dozen lathes driven by steam, as well as planing 
machines, 'screw-cutting machines, boring and drilling machines, 
and, in a word, all the stock of an engine factory on a vast 
scale. Attached to it is^an extensive stable, for the reception 
of the engines which are under repair, corresponding in form 
and magnitude with those already described as being erected 
at chief stations. 

The company haye built a small village around the works^ 
for the habitations of the operatives employed in them, and we 
there see a population of from 1800 to 2000« with a church, 
schools, libraries, reading-rooms, and all the conveniences that 
an opulent and intelligent body like that which presides over 
this system of railways may be conceived to provide. 

The establishment of Crewe is on a still more extensive 
scale, being erected for the purposes not merely of maintenaoc0^ 
and repair, 6ut for the manufacture of engines. 

The town of Crewe has sprnng up within a few years in 
connection with these works, and now contains a population of ' 
about 8000, of whom about one half are in 4e employment of 
(he railway company.' 
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The works of Crewo areareGtBd upon a rut scb1«. Hera 
ninchiaerj mny be aeoa of every description, drivdn bj steam- 
eogiiies of great power, and performing aU the operaCiDos con- 
nected with the conatructipn of the ponderous engines which 
work the paasengsr and goods tralfic, on nearly 700 mile» of 
railwaj, spread over the country between Birmiogbam, Liver- 
pool, Holyhead, and Carlisle ; fbr the Northwesters Company 
not only provides the power necessary for working its own 
lines, but also works, by. a species of .contract, several other 
adjacent lines of railway. 

I have already stated that the stock of enginaa ia actnal 
operation during the twelve months ending the 30th June, 
1849, was above 457, besides 47 new engine^ in atora. 

In the workshops at CreWe may bo Seen, engines in every 
stage of progress, fVom the tinconnected parts, the di$jteta 
membra, to the machine in combination and ready for starting 
□a the road. 

There is aullicieat power there to turn out a complete en- 
gine every week, making an anutisl supply amountiag to about 
10 per cent, on the total stock. 

The following statement of the locomotive stock of the Nortii- 
western Railway on the Ist January,- 1848, when it was less 
in amount than at ^e epoch above mentioned. Is given by Cap- 
tain Hnish in his report to the directors, dated June, 1848 ; 



Statement showing Uaantity and 
ingladed. in Amount chared to 
i;i,16S,90l.-JBnoary Ut, 181S. 


Bstiraatod Bctaal Ynlae of Articlsi 
Capital for "Working Btqch'^ of 


...,„,. 


1 


I 


3 


v.„. 


For EnslM 


T-.. 




MS. 
11 
60. 


Jft, 


189 

IS 
4M 


7M 


£. 

S,Q«! 
8,775 




ManchBitor and BirminBham 

Engines cnodemned and aied inl 


EneiDei ■o1<), Issa amonnt receiv- 
ed Ibi e— dedacted Stom Capital 
Account to Dec. 31it, 1S4T 
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tKaiaiE. 


1 


" 


1 


v.„. 


Per Engine 
Avetlfe. 


™.. 


SoatheraDrnmon 

Northaro Diviaioo (Crewel 

Ditto (L. tM.) 

Ditto fetora*) 

Southern Division 

Nortbera Diviiion 

Southern DivUion '. 

Nonhani Oiviiion 

Amount advnccod to Sharp. Broth- J 
*in, on account of undBlinercd J 




JVlp. 


JV.. 


27,«0 
5,18*0 


£. 

si,803 

3i,eoD 
all IB 
a,ooo 


"I 


Pria. 


Totnl for LocomotiFB Aocoont. . 








... 


808,313 



A second dapartment of Ais vast MtabliihmaDt ia derated to 
tha lupplj of tba carrying-stock, tbat ta to aay, of tha pasBeager 
earriagas of everj <l0«eription — the horBe-boxea, baggage-T&ns, 
pBrc«l-*BDB, brake-vBDH, canSage-trucka, poat-oflices, and mer- 
chaodTiae wagoDS of every claaa. 

Wban it is conaidere^ tbat tbe company keep Id ectiTe 
aervice about 1100 paaaaager coaches and above 6000 goods- 
wagons of varioaa kinda, and that, besides tbe innumerable 
passenger trains which fon upon the lines, there are 15 regular 
goods trains daily, it will be easily conceived how vast a power 
of supply must be necessary for the roaintenance of the rolling 
stock, and what ample empl4y■^e□t is sapplied for this depart- 
ment of tbe Crewe establishment, where there are always from 
50 to 60 new passengar coaches in progresa, besides nnmbertass 
other vehicles. 

Captain Huish tass given tfaa following statement of the carry- 
ing stock employed upon various railways in England and Scot- 
land on tha Ist of Jauiury, ld48, bd epoch when tha rolUug 
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stock of the Northwestern was consideirably less in extent 
than at the present time : 



London and Northweitern . 

Midland 

Eastern Counties 

Great Western 

York and North Midland ... 
York, Newcastle, and Ber- 
wick .-- 

Edinbar^h aQd Glasgow .... 
Lancashire and Yorkshire .. 



JVb. 
4845 
3600 
1057 
890 
861 

1991 

917 

3000 



^^ 9 



JVo. 
612 
300 
639 



JVo. 

653 

2500* 

529 

826 

9798 



1 



97 

• • 

70 
30 
34 



Tooa. 



6,207 

6,400 

2,295 

922 

1,721 

11,788 
917 
3,000 



* Can 
be nsed 

for 

Goods 

also. 



The Great Western wagons are of twice the capacity of tiiose on the 
narrow gauge, and their merchandise traffic is one third en the London and 
Northwestern Company's. 



Before the fabrication of railway vehicles was conducted on 
the present extensive scale, the cost of a first-class .carriage 
was <£420, and that of a second-class carriage e£300. By im- 
proved processes consequent upon the more enlarged scale of 
the manufacture, these vehicles are now constructed with 
greater capacity and accommodation, at lower prices. A first- 
class carriage, affording ample accommodations for 18 passen- 
gers, is now^ constructed for d£380, and a second-crsiss carriage, 
accommodating 25 passengers, costs d£260; horse-boxes abont 
<£150, and other passenger vehicles, varying in cost, but aver- 
aging about 66100. These prices, it must be observed, how- 
ever, are the actual cost incurred by the companjr fabricating 
for themselves, without including any profit to the manufacturer. 
They are, in fact, the cost prices. 

Front the actual quantity of carrying stock of each kind 
employed in working certain railways of which the total amount 
of the traffic is known, we can obtain a close approximation to 
the quantity employed on all the railways of the United King- 
dom. 

For this purpose we may, aa in like computations relative to 
the locomotive power, take the gross receipts as a fair exponent 
of the amount of the traffic. 

To find the number of passenger carriages of each kind, and 
of other vehicles of transport nsed on 1^ railways, let m then 
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aagment the stock of the Northwestern Compan^t io the mtio 
by which its trmffic of each kind, i» exceeded by the total traffic 
of all the railways of the kingdom taken collectireiy. 

We find, by the official reports, that the relatire amount of 
the, receipts for the half-year ending 31st December, 1848, was 
as follows : 



For passengers, Ist dasi .. 
„ 9d clMf ., 
„ 3d clSM .. 

For goods, Ac. - 


On all the Rail- 
way! of Um Kinf - 
dom. 


OntheXtnet 

workM by the North- 

WMtem Company. 


Ratio. 


£. 

1,003,516 

1,360,468 

919,316 

2,461,063 


X. 
302,892 
273,434 
141,263 
603,228 


3«3 

5-0 

. 6-6 

4-0 



The stock of the Northwestern Company for the twebe 
months ending Jcine 30th, 1849, was as foUows: 

Passenger coaches, 1st class i . . 451 

„ 2d class 416 

,, 3d class... 229 

Horse-boxes 246 

Carriage-trucks 228 ( 

Groods-wagons 6395 

To find, therefpre, the Stock necessary to work the railways 
generally we shall multiply the stock of the Northwestern 
Company by the numbers given in the last column. Hence 
we find : 



EsmuTS of the total Carrying Stock used for working the B.ailway 
Traflic of the United Kingdom in 1848-9. 



Passenger coaokes, Ist class.. 

», 2d class .....t^ 

„ 3d dasB L .. 

Horse-boxes 

Carriage-tracks 

'Wagons for merc^^anddse, live stock, dec. 

Coal- wagons (oncertain) 

Totals... 



Nmnben. 



I,4d8 

2,080 

1,488 

820 

760 

24,944 

25,000 



56,580 



EstiiDfitad 
Value. 



£. 

665^440 

540,800 

223,200 

82,000 

66,880 

1,621,360 

875,000 



4,074,680 



V 
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: Thus the carrying stock.of the railways of the kingdom con« 
sists of nearly sixty thousand vehicles^ of which about six 
thousand are passenger coaches; and the ag^egate value of 
this stock is four million sterling, being about two per tent, of 
the entire capital expended. 

It appears, therefore, that the chief railway companies are 
not merely proprietors of railways and carriers upon thenir but 
they are also engine-builders and carriage and wagon-builders 
upon a scale of almost unparalleled magnitude. 

By such means the rolling stock, in the widest sense of the 
terni, is kept in a state of perfect efficiency, and receives^ from 
mouth to month, and from year to year, such additions as the 
V gradual and inevitable increase of the traffic renders necessary. 
q|^ As has been already observed, a question has lately. been 
/^ agitated as to the necessity of establishing an annual reserve 
fund for the future replacement of the rolling stock at a future 
epoch, when, notwithstanding the current annual repairs, and 
the infusion of new stock, the whole stock will have been so / 
worn as to be in the mass unfit for future use, and of no other/ 
value than old materials. "Mx 

On the assumption of such. a contingency, several of the 
>most considerable railway companies have for many years back 
put aside a sum calculated upon a conjectural estimafefor this 
purpose. It was only recently that the question was raised, 
whether such a contingency as that here contemplated is really 
within the scope of , possibility, and whether the rolling stock 
was, like the permanent way, subject to age? Is there pr not 
a gradual and insensible deterioration of its condition, not made 
good either by annual repairs, or by the gradual infusion of new 
stock rendered necessary by circumstances?/ A practical in- 
quiry has been accordingly instituted on this question, and it 
has been demonstrated that the natural progress of repairs and 
renewals in the movable capi|;al of railway companies is siich. 
that no such gradual deterioration exists, and diat at no future 
epoch could such an event arrive as that of the movable stock 
being reduced to such a state of deterioration as tp require a 
complete renewal. In the course of time the stock of engines 
and vehicles is continually repaired. New wheels are put on at 
one time, and a new body iftt another. The different moving 
parts most subject to wear are gradually renewed ; and the 
engines and vehicles may be conceived even to be subject to 
such a succession of repairs, that in many of them not a vestige ^^ 
*| of the original materials remaios. Bat, IhdepeDdently of these 
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repairs, froBh stock ,18 added from year to year, to supply the I 
place of stock which iias become unfit for Use, either because ) ■ 
of its insufficient magnitude, or because of its extreme disrepair, i <x 
Even in this case, how.ever) the old matorials of coaches or en- 
gines are more or less worked up into other vehicles or engines, 
and never totally disappear from the road. 

The movable capital* therefore, may be considered to be in a 
state of continual reproduction; and that which, in -the case of 
the . permanent way, must take place altogether at a future 
epoch, when the entire road will have to be relaid, takes place 
in the rolling stock gradually from year to year. Its existence 
is perennial, and it is in a cotistant state of rejuvenescence. 

This point having beeni^onclusively established, the companies \ 
very properly discontinued to set aside from revenue any fundi | 
for the future reproduction of stock ; but they would have been\ I 
justified, in strict equity, in going further, and in taking back : i 
from the capital, and placing to the credit of revenue,, all the \ ^ 
sums which, in preTious years, they had erroneously brought. | 
to 4he credit of capital, to represent a deterioration which did I j 
not exist, and to pay for a future want which can never arise^ J- 

Connectod intimately with this circumstance was the whole 
question between revenue and capital, which has of late been, 
the subject of (pb much discussion. 

If a railway company had the permanent character of a com- 
mercial firm, the interchange; of value between revenue and 
capital would be a matter of less importance, being a subject 
altogether discretionary with the proprietary. But a railwa^r 
company is a fluctuating body, consisting of a variety of parties, 
having various, and, in some respects, opposite interests, and, 
nevertheless, having each claims and rights entitled to respect 
and consideration on^the part of those to whom the management 
of the affairs of the company is delegated. 

A part of the proprietary consists of persons who have select- 
ed the railway as a means of permanent investment. These 
regard the steadiness, uniformity, and permanence of dividends 
with quite as mi^;h solicitude as their amount. To them thes^ 
dividends form a permanent current income, on. the penqdioal 
return of which they lay their account. 

Another class use the railway as a temporary investment, 
and no inconsiderable portion of them resort to it as a means of 
commercial speculation, purchasing the shares, uot with a view 
to the enjoyment of dividends^ but with the prospect of their 
re-sale at advantageous prices. With these the railway shares 
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are objects of commercial specolation, of parchase and sale, as 
any other object in the market might be, being bought at a lower 
and sold at a higher price, and becoming thereby an ordinary 
source of commercial profit. Whaterer may be thought of this 
traffic, it is an ine? itable consequence of the facility with which 
railway stock may be transferred from hand to hand ; and that 
quality having been conferred upon it by its creatorB, the con- 
sequences can not be rejected. 

The rights, therefore, even of speculators in railway stock, 
not to mention those who in good fiiith use it as a tempojnry 
investment, or a sort of savings-bank, are entitled to respect and 
consideration. 

Now the class of proprietors first mentioned have leas regard 
to the amount of present dividends than to the permanent value 
of the stock, and they chiefly expect from the directors of the 
railway a due regard to the efficient maintenance of the perma- 
nent way and the movable stock out of revenue, before any sur- 
plus be appropriated to dividend. Ou the other h&nd, the latter 
class, and especially the speculators, care nothing for the per- 
manent value of the concern, and look only to the present 
amount of dividend. Between these two classes of proprietora 
the directors are called on to do equal justice. 

To augment revenue out of capital would be bedeflcia] to the 
latter class at the expense of the former ; and to augment capi- 
tal out of revenue would be beneficial to tbo former at the' ex- 
pense of the latter. Both proceedings would be equally unjust, 
and ought to be avoided. 

The public has of late been excited in an extraordinary degree 
on this question by certain reported malpractices in railway 
management, by which the value of shares has been raised to a 
spurious piice in the market by unacknowledged drafts of rev- 
enue on capital, and, as usual when public excitemant operates, 
a clamor has been raised which would hurry railway directors 
into the other extreme. They have been even urged on all 
hands to close the capital account with all practicable expedition ; 
a measure which, it is easy to demonstrate, would be utterly 
impracticable, unless it were deliberately intended in future to 
feed capital at the expense of revenue. 

It is manifest that the total cost of the permanent way, tiie 
stations, workshops, the furniture, tools, and machinery, and the 
entire amount of rolling stock, must be charged to capital. Now, 
so long as trade is progressive, so long will the traffic on railways 
be in a state of gradual increase. It consequently follows that 
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a corresponding inereM* ranst annually bo made in the raoYable 
stock necessary to work this traffic. 

To charge such annual iUcrease upon revenue would be to 
debit revenue With capital, or, what is the satoe, to qciake unac- 
knowledged drafts on revenue in favor of capital. Such a pro- 
ceeding would be unjust' to the temporary shareholder. 

But the impossibility of closing the capital account does not 
arise solely from^ the continual necessity of angmenting the 
movable stock. To the most superficial observisr it must be 
evident that other exigencies upOn capital will continually arise.- 

The extension of traffic renders necessary the augmentation 
of workshops, the increase of warehouses and stations, the con- 
struction. of new wharves ao^ sidings, and, in fine, the addition 
of short branches, oU the one side, and on the other, of the 
naain line. These demands on capital are not such as will recur 
at distant intervals, and in such a manner as to be met by ex- 
traordinary measures. They are of constant recurrence ; and 
it must be expected,, in every half-yearly aocdunt of the exten- 
sive companies, that an addition, more oi: less, will appear to 
the capital. 

In the conflict that has arisen between those who, on the one 
hand» are interested in the maintenance of capital, and, on the 
other, in securing present large dividends, a question has arisen 
as to the expediency of taking an annual valuation of stock, and 
charging the revenue with a sum representing its depreciation. 
The propriety of such a measure may be tested by examining 
its consequences. 

The value of the property which a railway company possesses 
and uses depends jointly upon the condition of efficiency in which 
it is maintained, and on the market value oif the objects which 
compose it. Now, it is _ evident that the. duty of the exiatiog 
pro^etors is.tQ maxsxtaisLShe ^eatire properly, fixed and mox- 
flblfiu. jdf tho^fiompftny in a^tate,of4)eriect effic ie ncy ,.itft q u aritity 
and (][ualitj|KSiB£ fiquaJLJx) .what they were. xeheo the railway 
CQoiuauBJicfidJLtfliipfiratkuuu If time has deteriomCed some por- 
tion, new portions have been infused ; so that, on the whole, 
the value in use remains the same. What depreciation, it may 
be asked, is the existing company called upon to make good 
from year to year ? 

The answer to this must be the marketable depreciation ; that 
is to say, the fall in price produced, not by any deterioration of 
real value in the stock, but by other causes foreign to the busi- 
ness of the company acting on the market. 
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Now let us coDBider the conseqaences of Che admission of 
such a principle. 

The fluctuatloD of the marketable Tlilne of various classes of 
objects constituting the property of a railway company is very 
considerable. The rolling stock, for example, owing to improve- 
ments which have taken place in its manufacture, has undergone 
a considerable fall in price. Thus, a first-class carriage, which 
in 1837 cost 06420, in 1847 could be obtained for <£380. But 
besides this fall in price, the capacity and value for use of the 
iirst-class coach obtained in 1847 for c£380 was much greater 
than that for which o£420 was paid in 1837. In short, price 
and value taken together, the carriage of 1B47 was more than 
25 per cent, cheaper than the carriage of 1837. The same 
observation would be applicable to all other classes of vehicle. 

It appears, then, that, in the course of ten years, a rolling 
stock could be obtained for <3£30,000 which would previously 
have cost o£40,000. The rolling stock, therefore, in this inter- 
val, underwent a depreciation of o£25'per cent, in marketable 
value, while it suffered no depreciation whatever in real value. 
Nevertheless, if the principle of annual valuation and making 
good depreciation out of revenue be admitted, the existing 
proprietors could be called upon to pay out of revwMie this dif- 
ference of price. 

But, if the principle be good in one way, it can not be bad in 
another ; and those who maintain that revenue must make up to 
capital for the diminution of marketable value in the property 
of the railway, can not deny that capital should, on ^e other 
hand, supply to revenue the augmentation which such value 
may receive from like fluctuation in the mitrket. Now, since 
the establishment of railways, the price of iron rails has been 
subject to great fluctuations. At one time they were as low as 
^5 a ton, and at another epoch as high as c615 a ton. Let us 
suppose this fluctuation, as might easily have happened, to take 
place in two successive years. On valuing the rails in one year 
they would be estimated at d£10 a ton more than their value tlie 
preceding year. Now, as in a double line of railway laid witli 
rails of 75 lbs. per yard there are 23$ tons of rails per mile, the 
existing shareholders would be entitled, in case of a rise in the 
price of the rails of c£10 per ton within the year, to take from 
capital, in favor of revenue in this case, a credit amounting to 
c£2350 per mile of the entire length of the double. Une. If the 
principle of depreciation and annual valuation be adopted at all, 
this consequence of it can not be rejected. 
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But, io truth, such a princifrfe can not be mar^tained. If an 
annual /valuation or survey of stock be made, it must be upon 
the- principle of estimating it by its quantity and efficiency only, 
and not by its fnarketable vahie . which is deternained by causes 
over which the company has no control, and quite iudnpendent 
of the use or abuse of their property.* j 




CHAPTER VIIL 



THE STATIONS. 



The ultimate object of the railway business being the transfer 
from place to place of persons and goods, and the^ phenomena 
attending- this operation having been peculiarly imposing and 
unexpected, It has, not unnaturally, so engrossed public atten- 
tion, that very large and important branches of the service are 
almost wholly left out of view« 

Nevertheless, thQ mere operation of change of place or trans- 
port, properly so called, constitutes in reality only a part of the 
great business of this branch of cohimerce. 

To secure the-|3afety and promptitude of dispatch and delivery, 
many operations are necessary, and numerous agents of a highly 
responsible character are employed, both before the actual busi- 
ness of transport begins and after it has been completed. Even 
while the prcteess of locomotion is in progress there are a variety 
of measures necessary, not immediately connected with trans- 
port itself, for the attainment of the ultimate object of the trav- 
eler or the expediter. 

The great theatres of these operations, preliminary and sub- 
sequent to the transport, as well as at certain epochs in its 
progress, are the stations. 

It is impossible to regard the vast buildings and their depend- 
encies, which constitute a chief terminal statiqn of a great line 
of railway, without feelings of inexpressible astohishment at the 

* These questions have been discussed with much ability by Cap* 
tain Huish, manager of the Northwestern Railway, in two reports 
addressed to. the directors of that company, on the renewal of the per- 
manent way and stock. I have been indebted to these reports for 
much valuable, information relating to the condition of the lines and 
the stock. 
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magnitade of the capital and the boldness of the eoterprbe, 
which are manifested in the operations of which they are the 
stage. 

Nothing in the history of the past affords any parallel to such 
a spectacle. 

Such nn establishment may be regarded as consisting primarily 
of four distinct departments : 

Ist. The passenger station, appropriated to the embarkment 
and disembarkment of the passengers, and other objects of traffic 
which are carried by the same trains. 

2d. The goods station, which is appropriated to the reception 
and embarkment, and the disembarkment and discharge, of all 
descriptions of goods and live stock transmitted by railway. 

3d. The d6p6t for the locomotive power, where the engines 
repose, are cleaned, examined, and repaired, and from which 
they issue prepared for the traction of the trains. 

4th. The carriage d^pdt, appropriate^ to the cleaning, main- 
tenance, and repairs of the carrying stock, consisting of passeo- 
ger-carrittges of the various classes, carriage-trucks, and horse- 
boxes, baggage and parcel-vans, goods- wagons of various ibrniBi 
cattle-trucks and brake-vans. 

The stations for passengers and goods are generally ior differ- 
ent and sometimes in distant positions, the place selected for 
each being that which is most convenient for the approach of 
the traffic to which they are respectively appropriated. ■ Often, 
at a point short of the terminus, the line forks into two brancheii 
one leading to the passenger, the other to the goods station. 

The former is established at a place as near as can conveniently 
be obtained to the centre of the population which constitutes the 
passenger traffic ; the other is established in the position foiind 
roost convenient for the arrival of the goods traffic. T^us at 
Liverpool the branch leading to the passenger di6p6t enters the 
town by a tunnel carried beneath the streets, and terminates 
at a point not far from the centre of population. The branch 
leading to the goods station, likewise conducted through a tunnel 
under the town, is carried to the docks and quays, where the 
goods are received directly from the shipping upon the raik, 
and reciprocally delivered from the irails to the shipping. 

To avoid the necessity of taking locomotive engines into the 
town under such circumstances, and sometimes because the 
lines are conducted to the terminus by inclined planes, these 
terminal branches of the railways are sometimes worked by 
stationary engines and ropes. By means of these the trains of 



Obap.VIH.] THB stations. 121 

passengers or goods, as the case may be, are drawn from their 
respective statioes to the point where' the terminal branches 
intersect, and where they are delivered over to the loeomotive 
engine. 

Thus, from the Euston-square passenger station of the North- 
western Railway, the passenger trains were originally drawn 
by stationary engines up an incline, hy which they were taken 
to the goods station at Camden Town, where they were deliv- 
ered over to the locomotive. This was afterward done by the 
locomotive engines. At Liverpool two stationary engines are 
appropriated to the goods and passenger trains ; one draws the 
passenger trains from the Lime-street station through the tun- 
nel to the point of junction ; the other draws the goods trains 
from the goods station at the docks to the same point. 

THE PASSENGER STATION. 

The passenger station consists of two departments, which 
are separated from each other by the lines of railway and the 
numerous trains of carriages which always occupy them» so that, 
except to the privileged agents of the railway, these depmrtments 
are inaccessible to each other. 

They consist of separate buildings, are supplied with separate 
approaches, and^ often lead into different lines of streets. 

These two departments are appropriated, the one to the 
passengers about to depart upon the railway, and the other, to* 
the passengers who have arrived. 

To facilitate the service of the station, the companies enter 
into arrangement with various public vehicles, which start from 
various quarters of the capital at such houi*s that they shall 
arrive at the railway station about a quarter of an hour before 
the trains leave. 

As the hour of departure approaches, lines of these carriages 
will be seen rapidly converging toward the entrances of the 
station of departure. As they arrive, they find agents of the 
railway, distinguished by their uniform, ready to aid the traveler. 
The moment the vehicle arrives, these agents assist him to 
dismount, and immediately take charge of his luggage. They 
supply him with the local information which may be necessary, 
such as the proper fare for his carriage, if he arrive in a hired 
vehicle. This service is important not only for the convenience 
of the traveler, but for the expedition of the railway business. 
A large number of vehicles must arrive, deliver their far&, and 

F 
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depart within a very brief space of time, and sach a process 
could not be completed without all the aid which the well- 
orgaoized service of the railways can supply. The passenger, 
dismounted, finds that his luggage has disappeared, an agent of 
the railway having taken charge of it. He enters the station, 
and proceeding directly to the booking-office* where he pays his 
fare, receives a ticket, which bears marks indicating the train 
by which he is about to start, the hour of his departure, the 
class of carriage in which he is entitled to travel, and the place 
of his destination. Entering the building, he is conducted to a 
waiting-room, several of which are prepared, furnished, warmed, 
and lighted, and appropriated to the different classes of passen- 
gers. Here he finds, if he have a few nMnates to wait, innu- 
merable conveniences, such as guide-books, journals, and period- 
ical publications, of the kind most in demand by travelers, offered 
fur sale. 

On passing to the platform, he finds his luggage deposited 
there on a barrow, in charge of a railway agent. He proceeds 
to the baggage- office, where it is weighed, labeled, and booked, 
and where he piiys for excess of weight, if any such there be. 
His baggage is then put in charge of a. loading-porter, who 
wheels it to the baggage-van, unless it be so small in bulk and 
weight that the passenger can take it in or upon the carriage in 
which he travels. 

It is customary on the English roads to allow passengers a 
certain amount of luggage without additional charge, that amount 
being, in fact, included in their fare. The quantity allowed to 
first-class passengers is about 1 cwt.; to second-class pas8,engerB 
generally ^ cwt.; and to third-class passengers ^ cwt. The 
charge for additional weight varies, on different railways. In 
some it is at the rate of ^d. per lb., independent of distance i in 
others it is at the rate of ^d. for every 80 miles traveled. 

On the continental railways the quantity of luggage allowed 
to be taken without charge by passengers, is incomparably less ; 
but, on the other hand, the personal fares charged to pas8en|;eni 
are also less. On some railways on the Continent no luggage ia 
allowed to go free, unless it be small parcels which the passen- 
ger takes in his hand. 

The question of free luggage is one in the equitable arrange- 
ment of which the passenger is as much interested as the rail- 
way company; and it may fairly be questioned whether the 
Rigorous rules observed by some of the continental railways, 
ffnder which all luggage whatever must be regularly weighed. 
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booked, paid for, and placed in charge of the railway agents, is 
not, after ali, most conveoieDt, most ecoDomical, and most ad- 
vantageous to the traveler. 

If an amount of luggage so cpnsiderable as that allowed to 
railway passengers in England be included in their personal 
fare, it follows that the portion of the passengers who take no 
luggage pay for the transport of the luggage of the remainder ; 
for it is clear that the railway company carries nothing gratu- 
itously, and in fixing its tariff of fares, it assumes that each 
passenger will take a certain average amount of luggage. 

The passenger who has no Juggage is generally of the class 
who can least afford extra expense, and the injustice .of exacting 
from him, in the amount of his fare, the price of the transport 
of the luggage of the wealthier passenger is the more unjust 
and oppressive. 

But there is another inconvenience attending the gratuitous 
transport of luggage. The railway company is responsible only 
for such articles of transport as are regularly weighed, booked, 
put upon the way-bill, and paid for. Gratuitously transported 
luggage involves, therefore, no responsibility on the part of the 
company. It is presumed to be in charge of its owner. Hence 
arise endless disputes respecting lost luggage. 

An important branch of the traffic transported by passenger 
trains is that which in England is called Farcels, and on the 
Continent, ** Articles de Messagerie.'' 

Booking and reception offices for such articles are^ established 
at various places in the capitals and the large towns with which 
the lines of railway communicate. 

The parcels thus sent are transmitted to the railway station 
at a specified time before, the starting of the trains. 

A distinct department is assigned to this business at the chief 
stations, supplied with a proper staff of agents, consisting of 
superintendents, book-keepers, weighing and loading porters* 
conductors, 6cc. 

This parcel office, like the passenger station itself, is sub- 
divided into two bureaux, one appropriated to the business of 
delivery, and the other of reception ; or one to the parcels which 
arrive, and which are to be distributed and delivered, and the 
other to the parcels which are received and which are to be 
forwarded. These two offices, which are constructed on a scale 
proportionate to the importance of the station, and the extent 
of the traffic, ai*e usually separated by the bureau of the super- 
intendent. 
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On the delivery of a parcel, if its carriage is prepaid, it is 
first handed over to a weighing porter, who throws it into an 
index weighing machine, and calls out its weight to the booking 
clerk ; the latter enters it with its destination and cost of trans- 
port. 

Meanwhile the parcel is handed to another porter, who re- 
ceives from a clerk a label indicating the price paid for the 
transport, the place of its departure, and the place of its desti- 
nation, and in seme cases the hoar of departure. Another clerk 
prepares a receipt, and delivers it to the party depositing the 
parcel, receiving the amount of the transport. The porter who 
labels the parcel hands it over to the loading porter, who takes 
it in a barrow, with a mass of others which have been siipilarly 
dealt with, and rolls it to the parcel-van. 

There an immense heap of these parcels is sorted, according 
to their places pf destination, and delivered succesively to the 
conductor of the parcel vans, who disposes then) in different 
compartments, according to the places to which they are ad- 
dressed, ih such a manner that he may be able, as the train 
passes along the road, and arrives at the successive stations, to 
deliver in a mass, and without delay, the parcels corresponding 
to each station. 

To expedite the business of labeling, printed labels are pre- 
pared, completely filled up for all parcels which are what is called 
Ughtj that is to say, under 12 lbs. weight, all such being charged 
at one uniform rate. The weighing porter calls out, in passing 
the parcels respectively to the booking clerk, «* light" for such 
parcels, and the printed label is immediately attached to them. 
But when parcels are overweight and subject to a different 
charge, he calls out their wolghtr and the corresponding rate 
of charge is written into the label by the clerk, and is attached 
to the parcel. 

In the experience of railways, it is found that an immense 
majority of the parcels thus expedited are light ; parcels of the 
heavier description are generally such rb do not require very 
pressing expedition, and are accordingly sent by the goods trains. 

The rate charged for the transport of parcels varieii more or 
less on different railways, and still more in different countries. 
In England the charge for light parcels is sometimes as low as 
6d., and this includes delivery at the domicile of the party to 
whom it is addressed. 

For a distance of about 100 miles, as, for instance, between 
Birmingham and London, the charge is Is,, including delivery 
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at any part of Birmingham, and delivery 4n LoDdon within a 
radius of 3 miles round the General Post Office. The charge 
for such parcels increases with the distance, in the proportion 
of about Is. for every additional 100 miles. Thus the chal*ge 
between London and Edinburgh or Glasgow is 4«. 

The establishment, however, of the uniform penny postage 
has greatly diminished this branch of parcel traffic, compared 
with what it would have been but for this system of postage re- 
form. Thus it is clear that no parcel would be sent by railway 
between London and Edinburgh weighing less than 2Soz., inas- 
much as the postage of such a parcel sent through the post- 
office would not exceed the railway tariff. Indeed, this limit 
might be fairly stated at a higher amount, because the expediter 
can deposit his parcel Jn aqy receiving-house ; whereas for the 
railway he is very limited in the places of delivery, and forced 
to observe more troublesome formalities, especially if the parcel 
be prepaid. 

The business of the parcel department is subject, as may be 
expected, to great variation at different times. 

Thus at seasons like Christmas it has an enormous momentary 
increase in both directions, so that a corps of supernumeraries 
is obliged to be employed at the chief stations. The average 
daily amount of parcels transmitted through some of the Lon- 
don stations is nevertheless surprising. Thus it is estimated 
that more than 2000 parcels per day are booked at the station 
of the Northwestern Railway. 

On the Belgian railways, in 1847, the number of parcels 
booked, weighing less than 12 lbs., was at the average rate of 
750 per day, and the gross weight of the parcels booked which 
were above that weight was at the average rate-of .120 tons per 
iday. This, however, includes the parcels booked at all the sta- 
tions for 347 miles of railway.^ 

On the Paids and Orleans Kailway the average weight of 
parcels carried per train, during the year ending 30th June, 
1847, was J of a ton ; and, as there were 8 trains per day, the 
total weight of parcels booked per day was 6 tons. In this esti- 
mate are not included the parcels brought by passengers as 
part of their luggage, and which were also booked and paid for. 

The accuracy with which this part of the business of trans- 
port is executed mny be estimated from the fact that not above 
one parcel in 400,000 is lost.* 

* As an example of the enormous amount of business of this de- 
scription occasionally transacted at chief stations, it is stated that, in 
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The other objects which compose the traffic of a passenger 
station are horses and private carriages. These are embarked 
at wharves especially provided for their reception at the sta- 
tion; and arrangements are made so that they can -bd always 
loaded, provided they arrive at the station 10 or 15 minutes be- 
fore the hour of starting the train. Horses travel in a vehicle 
called a horse-box, which is a sort of locomotive stable, consist- 
ing of two or three stalls, so placed that the animal in traveling 
stands sideways. Private carriages are moantod on flat wagons 
called carriage-trucks, on which they are secured by wedges, 
and properly tied. ' 

The owners of private carriages have the option either of 
traveling in them or in the railway carriages. The latter is al- 
ways the most desirable course, with a view to safety, as will be 
explained when we come to consider the causes of accidents on 
railways, and the rules to be observed as conducive to the safety 
of the traveler. 

The railway porters and agents charged with the formation 
of the trains arrange the carriages composing each successive 
train, placing usually in front the baggage-vans, horse-boxes and 
carriages of the inferior classes; the first-class carriages being 
generally placed in or near the centre of the train, which is 
considered the preferable position as respects safety. This 
will be also explained when we come^ to treat of railway ac- 
cidents. 

The carriages which form the train are screwed together so 
as to form a solid and compact column, and so that, upon any 
change of speed, either in slackening or accelerating, there 
should be no collision between vehicle and vehicle, as ncKsessa- 
rily would be the case with any flexible connexion, such as a 
chain. But in order to prevent the shock which would neces- 
sarily be produced by change of speed in a moving mass so pon- 
derous, the carriages are provided with an elastic apparatus called 
buffers, which have cushions placed at their points of junction, 
and are pressed by the force of the screw that unites the car- 
riages face to face. These cushions are attached to strong cyl- 
indrical rods of iron, which press against springs having suffi- 
cient elasticity and strength to yield without breaking, and to 

Christmas week, as many as 5000 barrels of oysters have been sent as 
parcels from the Euston-square station of the Northwestern Railway 
within 24 hours, each barrel containing 100 oysters. The number of 
these fish, therefore, expedited from this station alone to the interior, 
within the day, was half a million. 
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receiTo and moderate the momentam arising from change of 
speed. 

These couplings and other arrangements are strictly attended 
to by the agents oi.the station, whose business it is to form the 
trains at starting. 

The wharf or platform from which the passengers take their 
departure is elevated above the rails of the station to such a level 
as to be flush with the floors of the carriages^ so that the passen- 
gers step into the carriages with the same facility as they would 
pass from one room to another. 

In cases where the trains are drawn from the passenger sta- 
tion by a fixed engine; as already explained, this engine is usu- 
ally erected, not at the passenger station^ which would be an in- 
convenient and objectionable position, but at the most remote 
point to which the train has to be drawn, so that the engine 
draws the train toward it from the station. Thus, at the Loh- 
don station of the Northwestern Railway, the passenger sta- 
tion is at £uston-8quare, and the fixed engine was formerly 
erected at Camden Town ; and en the Liverpool Railway the 
fixed engine is at the top of the tunnel, the passenger stntiou 
being at Lime-street. In such cases, when the train is ready 
to start, a communication by signal is made from the passenger 
station to the fixed engine, so that the latter is brought into 
operation when required. The mode of giving this signal varies 
in diflerent places. It has in some cases been done by a tube 
containing compressed air, which, being suddenly opened, a 
whistle is sounded by the air rushing out of the tube; but it is 
probable, lienceforward, that the agent used for this pur|)Oite 
will be the wires of the electric telegraph. 

Having thus explained the proceedings of the stations of de- 
parture, let us now pass to the other side of the railway, to the 
station of arrival. 

In cases where the station is approached by a tunnel and in- 
clined plane, such as has been already described, on the North- 
western Railway and at Liverpool, signals are given of the apr 
preaching arrival of a train, so that the agents of the station of 
arrival are prepared for it, and have the rails clear. The train 
is not allowed to start from the fixed engine station until the sig- 
nal is replied to from below, and an intimation given that all is 
prepared. These formalities, however, are unnecessary on 
lines where the locomotive engine is enabled to arrive with the 
trains directly at the station. In this case its approach is signi- 
fied by the whistle of the engine, which is generally heard for 
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more than a mile distance ; and at the train always begins to 
slacken its speed at this distance, there is abundant time for prep- 
aration. 

Generally, before the entrance of the train into the d6pdt, 
the engine is detached from it, passes off into a siding, and 
allows the train to proceed by its momentum to the station, 
where it is brought up by the brake. 

Previous to the arrival of the train, the carriages, omnibuses, 
and vehicles of every description, which wait to conyey the 
passengers to their destinations, are admitted to a convenient 
place in the d6p6t. For the good conduct of the drivers of many 
of these, the railway company makes itself, to some extent, re- 
sponsible; its title is. inscribed on their panels, and in some 
cases, as they leave the station, the drivers announce to the 
gate-porter the places to which they are about to take their 
fares, which is entered by the gate-porter, with the number of 
the vehicle, so that in case of any question arising for articles 
left or misconduct, the number of the vehiclOf and the time of 
its departure from the railway station, can be always ascer- 
tained. 

On the arrival of the train at the station, the agents and por- 
ters of the railway open the carriages for the liberation of the 
passengers, white others rapidly unload the vans containing the 
passengers* baggage. 

The distribution of this is effected with inconceivable rapidity 
and regularity. Railway porters are ready with the utmost 
civility and promptitude to take charge of the baggage of each 
passenger, and carry it to the vehicle by which he is about to 
depart. The rules of the companies exclude the payment of 
gratuities for these services ; nevertheless, it is most just to say 
that nothing can exceed the civility and obliging conduct of all 
the inferior agents thus employed. 

When the train has been evacuated, the agents of the railway 
take possession of it. One class enters the carriages and care- 
fully searches them for such articles as passengers may have 
inadvertently left behind them. " These, some of which almost, 
invariably are found, are taken to the office specially appropriated 
to the purpose, called the Lost Luggage Office. The carriages, 
are, in fine, drawn away to the d6p6t, where they are examined 
and cleaned. | 

The " Lost Luggage Office,*' though not immediately con-| 
nected with the active business of transport, is a department, 
which demands notice. Such an office, established in connection 
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with all railway stations both in £ng]and and on the Continent, 
and at chief stations, ouch as those of London and Paris, is an 
object of considerable interest. 

We have already alluded to the operations of the carriage- 
searchers, who examine the interior of the passenger coaches 
ina mediately after the evacuation of each arriving train. They 
raise the cushions, search the pockets, take up the carpets, and 
dihgently examine every part of the carriage, and it rarely hap- 
pens that some articles, more or less* are not found which the 
passengers inadvertently leave behind them. These are sent 
by the searchers immediately to the ** Lost Luggage Office,** 
where they are delivered into the hands of a clerk, who enters 
in a register a description of the articles, the number and desig- 
nation of the carriages in which they were left, the hour of the 
arrival of the train, and the route which the carriage, in which 
the articles were founds had followed. A label is attached to 
the article, numbered in accordance with the entry in this 
register, so that at any future period it may be compared with 
such entry and identified. If the article in question is marked 
with the address of its owner, or if any indication of such ad- 
dress can be discovered from Its contents, it is sent without 
delay to the proprietor; if not, it is deposited iti a certain place, 
according to its magnitude and quality, where it is left for a 
certain assigned* time waiting for an application on the part of 
its owner. If at the end of such specified time, which varies in 
different railways, no application be made, if it be a box, trunk, 
or other similar object, it is broken open and the contents ascer- 
tained. From the contents the ownership is frequently discov- 
ered, and it is restored ; but if no clew to such discovery be thus 
obtained, then the article is transferred to a permanent place 
of deposit in the office or store-room, where it remains for a 
more extended period, such as one or two years. If at the end 
of this period no claim be made on the part of the owner, then 
the article, with others kept for a like time, is publicly sold by 
auction or otherwise, and the proceeds of the sale appropriated 
as directed by the managers of the railway. Snch proceeds 
are usually applied to some charitable object in connection with 
the railway business. 

It frequently happens that applications are made at the rail- 
way stations for lost luggage which is not found in the Lost 
Luggage Office. In that case a cirdular is dispatched to all the 
stations along the line or system of lines at which the passenger 
sustaining the loss has touched, and where, by any possibility, 
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the lost object might have been left, and answers are rapidly ob- 
tained. This useful system of inquiry is greatly extended 
through the agency of the railway clearing-house, which we 
shall notice hereafter. By this means such inquiries can be ex- 
tended not merely to all the stations belonging to the railway in 
which the inquiry originates, but to all the other railways spread 
over the chief part of the United Kingdom. 

I can not conclude this notice of the Lost Luggage Office 
better than by quoting a part of the descriptioD of it given by a 
popular author in a recent work. 

**In this office are to be seen, in shelves and in compartments, 
the innumerable articles which have been left in the trains 
during the last two months, each being ticketed and numbered 
with a figure corresponding with the entry-book in which the 
article is defined. 

«« Without, however, describing in detail this property, we 
will at once proceed to a large, pitch-dark^ subterranean, vaulted 
chamber, warmed by hot-air iron pipes, in which are deposited 
the flock of lost sheep, or, without metaphor, the lost luggage 
of the last two years. 

** Suspended from the roof there hangs horixontally in this 
chamber a gas-pipe about eight feet long, and as soon as the 
brilliant burners at each end were lighted, the scene was really 
astounding. It would be infinitely easier to say what there is 
not, than what there is in the 40 compartments like great wine 
bins in which all this lost property is arranged. 

'* One is choke-full of men^a hats ; another of parasols, um- 
brellas, and sticks of every possible description; one would 
think that all the ladies* reticules on earth were deposited in a 
third. How many little smelling-bottles — ^how many little em- 
broidered pocket-handkerchiefs — ^how many little musty eat- 
ables and comfortable drinkables — how many little bills, important 
little notes, and other very small secrets each may have con- 
tained, we felt that we would not for the world have ascertained ; 
but when we gazed at the enormous quantity* of red cloaks, red 
shawls, red tartan plaids, and red scarfs, piled up in one corner, 
it was, we own, impossible to help reflecting that surely En- 
glish ladies of all ages who wear red cloaks, 6cc» must, in some 
mysterious way or other, be powerfully affected by the whine 
of compressed air, by the sudden ringing of a bell, by the sight 
of their friends — in short, by the various conflicting emotions 
that disturb the human heart on arriving at the up-terminus of 
the £u8toi;i station ; for else, how* we gravely asked ourselves, 
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could we possibly account for the extraordinary red'mtuis be- 
Cbre us ? 

»»Of course in this Rolando-looking cave there were plenty 
of carpet bags, gun-cases, portmanteaus, writing-desks, books, 
cigar-cases, 6cc* ; but there were a few articles that certainly 
we were not prepared to meet with, and which but too clearly 
proved that the extraordinary terminus excitement, which had 
suddenly causred so many virtuous ladies to elope from their red 
shawls — in short, to be not only in ,<^a bustle' behind, but all over 
— had equally affected men of all sorts and conditions. 

«* One gentleman had left behind him a pair of leather hunt- 
ing-breeches ! another his boot-jack! A soldier of the 23d 
regiment had left his knapsack containing his kit. Another 
soldier of the 10th, poor fellow! had left his Scarlet regimental 
coat! Some cripple, probably overjoyed at the sight of his 
family, had left behind him his crutches ! But what astonished 
us above all was, that some honest Scotchman, probably in the 
ecstasy of seeing among the crowd the face of liis faithful 
Jeannie, had actually left behind him the best portion of his 
bagpipes ! 

'* Some little time ago the superintendent, on breaking open, 
previous to a general sale, a locked leather hat-box, which had 
lain in this dungeon two years, found in it under the hat c£65 
in Bank of £ngland notes, with one or two private letters, which 
enabled him to restore the money to the owner, who, it turned 
out, had been so positive that he had left his hat-box at a hotel 
at Birmingham* that he had made no inquiry for it at the rail- 
way office." • ^ 

THE GOODS STATION. 

If the passenger station of a great railway excite an interest 
by its animation, the goods station scarcely excites less by the 
enormous magnitude of the property in the transfer of which it 
is employed. The mere statement of the number of goods- 
wagons used by different railway companies will itself suggest, 
to some extent, the immense amount of this department of rail- 
way business. One railway company alone, the Northwestern, 
had in active employment during the twelve months ending the 
30th June, 1849, 6236 wagons, and another, the York and New- 
castle, 11,788. 

* " Stokers and Pokers," by the author of " Bubbles from the 
Bnumens of Nassau." 
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The goods englDes of the former company performed, within 
that year, a mileage amounting to 2,882,674 miles, and consumed 
about 40,000 tons of coke. The Belgian railways employed, 
during the year 1847, 3309 goods-wagons, which made a total 
mileage of nearly 9 millions of miles. The North of France 
railway in the year 1848 employed 3069 wagons, and made a 
total mileage of nearly 15 millions of miles. These numbers 
present a lively picture of the prodigious amount of the inter- 
change of the products of industry which takes place through 
this great agency, and the business of registration, embarkation, 
and delivery of which are necessaniy transacted at the goods 
stations. 

It IB calculated that fh>m the London goods Btatkm of the 
Northwestern Railway, situated at Camden Town, the average 
number of wagons arriving and departing per working day, is 
nearly 500. Now each of these wagons is capable, when fully 
loaded, of carrying, on an average, nearly 6 tons, but it is found 
that their actual average load is only 2^ tons, which would give 
the weight of goods arriritfg and departing daily at this statioa 
alone, 1125 tons. But even this statement is probably below 
the truth, since we happen to know that the number of tons 
received and delivered at the Northwestern Railway within 
one year by Mr. Pickford alouei on aceount of the company, 
was at the average rate of very nearly 900 tons a day. 

The goods station, like the passenger station^ consists of two 
distinct departments, one appropriated to the goods about to be 
dispatched* and the other to the goods which have arrived, and 
which are to be delivered. 

A multitude of carts and vans, which serve as a sort of tenders 
to this department of the railway business, are employed in 
radiating through every part of the capital, which they sweep 
over and collect such parcels of goods as are individually too 
small to be sent by their expediters by separate wagons. These, 
with the larger and heavier parcels brought by independent drays 
and wagons, arrive without interruption during the day and a 
great part of the night at the station of departure, on the wharves 
and under the sheds of which they deposit their loads. They 
are received by the loading porters, and booked and labeled by 
clerks stationed on the wharves for the purpose. The smaller 
parcels, which are extremely numerous, are rolled in barrows 
and trucks, after being sorted and classed according to their 
destinations and qualities, to the wagons and vans in which they 
are to be transported. The larger articles are seized by cranea, 
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lifts, capstans, and other machinery, much of which is worked 
by steam power, and expeditiously laid on their respective 
wagons, having previously undergone the processes of weighing, 
booking, and labeling. 

In all these busy operations, nothing is more surprising than 
the interminable muItiUide of small parcels, especially among 
those which arrive in London from the chief seats of manufac- 
ture. Since the estabHshment of this great agent of commercial 
intercourse, the London retail dealers, instead of laying in as 
formerly, at intervals more or less distant, a large stock,. now 
order the goods as they want them, and these arrive in small 
detached parcels, some of which often contain only a sini|la 
article. Thofl it is not uncommon for a purchaser in a London 
shop to order an article of household nse : the shopkeeper sells 
it as though it were lying on one of his shelves ready for deliveiy. 
The moment the order is received a communication is dispatched 
to Sheffield, Birmiqgham, or Manchester for the article in ques- 
tiont and in the coui:se of the suceeeding di^, or at the latest 
within 48 hours, the article is delivered to. the purchaser. 

It may be asked how the dealer can manage his business sub* 
ject to the cost which must attend the frequent transmission of 
such small parcels. The answer is easy. 

By the perfect organization of the railway system, and the 
enormous amount of transport executed by each company, they 
are enabled to deliver these parcels at a cost which falls but 
lightly on the retail vendor and consumer* These light parcels, 
such as objects of hardware from Birmingham or Sheffield, are 
collected, conveyed, and delivered at the domicile of the retailer 
in London for 1«., and in the case of shorter distances the entire 
business of the transport, collecting, eonveyance, and delivery in 
spring-vans in London, is actually executed for Od» 

We have already mentioned the rates at which parcels are 
delivered by the passenger trains, but the objects we now refer 
to are different, and for the same or a less cost of transport are 
greater in weight and bulk. They are, however, forwarded by 
the goods trains, moving at a slower speed, with greater loads, 
and less promptitude and frequency of departure. 

On the Northwestern Railway, which performs a larger 
amount of goods business than the other English lines, 9 goods 
trains start from each terminus every 24 hours, 5 during the 
night, and 4 during the day. 

A goods train leaves Birmingham every.evening at 8^ o'clock, 
and arrives in London by 4 o'clock the following morning, and 
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its coDtents are diBtribnted over all parts of London in two or 
tfar-ee hours. Thus an order sent by a London retail dealer by 
one of the fast trains in the afternoon to Birmingham will be 
responded to by the goods train which arrives at an early hour 
the following morning. The possibility of the commercial 
operation we have dei9cribed above will therefore be readily 
comprehended. 

By the goods trains which start from London on the different 
roads during the day, the products of the London markets 
which are in demand in the interior of the country are carried 
down, such as fish, fruit, and groceries, hundreds of tons of 
which are dispersed over the country, and offered for sale in 
the markets of Birmingham and other central towns. 

London fruit is thus supplied to the markets of Liverpool and 
Glasgow. As much as 20 tons of this atticle are frequently 
carried daily on the Northwestern line alone. 

The supply of articles of consumption by these goods trains 
to London is of enormous amount. Not only cattle and smaller 
live stock, such as shedp, pigs, and calves, are brought up in 
immense numbers, but meat ready killed is brought in great 
quantities to the London markets. 

ENGINE STATION. 

Connected With all the chief stations of great railways, there 
is an establishment which is not unaptly called the Ongine stable. 
It consists of buildings for the reception of the engines detached 
from the trains on theg* arrival, where they are cleaned, put to 
rights, and prepared to renew their work. In short, these iron 
horses are cleaned, groomed, fed, and refreshed, so to speak, 
and prepared to renew their periodical labor. When a train 
arrives, the engine is detached from it while yet in motion, and 
running on before leaves its load behind. The << pointsman" 
dextrously shifts his switches, so as to guide the engine to an- 
other line of rails, and before the train arrives he again shifts 
them back again so as to let the train rud to the station. 

The engine thus unharnessed proceeds toward its stable. On 
arriving near it, it stops over a pit of some depth, excavated 
between the rails. There the fireman, opening the grate-bars, 
lets the coke which remains unconsumed in the fire*-box'fall into 
the pit, where it is extinguished by water. He then proceeds 
with the engine into the stable, which is variously constructed 
on different lines, but generally in a circular or polygoiml form. 
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In the centre there is an immense revolving platform, called a 
turn-table. When the engine arrives upon this it is brought to 
a stand, and the table is turned u^til the engine is directed 
straight toward its stall, into which it is then moved. 

Between the rails in this stall there is an exbavation of such 
depth that a man can stand upright in it under the engine, with- 
out being incommoded by its machinery. This pit is entered 
for the purpose of enabling the artificers to examine the works 
of the engine, to clean theni and put them in order, tightening 
nnd adjusting all the joints, and oiling all the moving parts. 
The tubes of the boiler are oieaued, the smoke-box and chimney 
put to rights, and the interior of the boiler itself washed clean 
at proper intervals; in fine, the engine being put into fVesh 
working order, is again rolled out on the centre turn-plate, 
turned in the direction of the gate, from which it again issu^is 
forth to its labor. 

I have adverted elsewhere to the amount of fuel consumed in 
heating the water in raising the steam in an engine preparatory 
to starting. In the larger class of railway establishrnents, ex- 
pedients are adopted to obtain further economy and expedition 
iu this process. 

Thus the water is heated in large reservoirs, and introduced 
into thejboiler at nearly the boiling temperature. 

Coke n already prepared in a state of ignition, and thrown 
into the fire-box while in vivid combustion. A certain amount 
of coke is thus saved, inasmuch as coal is or may be used in 
heating the water previously to its introduction into the boiler. 

The same expedient may be adopted at the several water 
stations on the road where there is a sufficiently active traffic. 
The water-tanks may be kept constantly heated, so that the 
feed, when introduced into the boiler, does not lower in the 
same degree its temperature. When the traffic is so active 
that the feeding-tanks are kept on constant duty, it mtny be 
economical to adopt this expedient. 

Many of the larger class of engine-stables which we have 
adverted to, contain from 25 to 30 stalls. 

Attached to this department, in all the chief stations, are ex- 
tensive work-shops provided with all the means for executing 
the smaller class of repairs necessary for the engines. Here 
duplicates are kept of the moving parts, which are most liable 
to fracture and derangement. 

The larger class of repairs, as well as the construction of en- 
gines, is, however, conducted in larger establishments, which 
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have been erected at coDvenient places on some of the principal 
lines of railway. 

CARRIAGE AND WA0OH STATION. 

The fourth and last department of a chief station which we 
shall notice, is that which is appropriated to the carrying stock. 

The passenger carriages, goods- wagons, and vehicles of every 
description, are collected in proper sheds, of immense extent, 
adapted for their shelter and preservation. 

Here, after performing their work, they are submitted to the 
process of cleaning, internally and externally, all of which is 
executed, with admirable skill and. dexterity, by a troop of 
servants of the company, each of whom is disciplined in his 
duty. Some are appointed to clean the panels and glasses, and 
are provided with spoDges, chamois-skins, brushes, cloths, and 
other utensils for the purpose. Others have the duty of washing 
and mopping the wheels and carriage, properly so called, of ex- 
amining the grease-boxes, and re-oiling, when necessary, all the 
moving parts. Another set of agents have the internal -duty, 
and are provided with proper brushes and other implements for 
cleaning the interior of the first and second class carriages. 
Another is supplied with oil, blacking, and brushy ibr potting 
to rights the leather and straps on the roof and different parts 
of the vehicles. A distinct set of agents have the duty of oiling 
tne buffer-rods and other moving parts of the vehicles, and of 
replenishing the grease-boxes by which lihe axles and journals 
of the wheels are lubricated. 

It may be necessary here to explain that the construction of 
the wheels in railway carriages differs from that of the wheels 
of common road vehicles. 

In the carriages used on common roads, the.Bxle is attached 
to and forms part of the carriage, and the wheals turn upon it, 
a circular box being formed in the centre of the wheel fitted to 
the axle, and provided with means of lubrication, so that it may 
turn freely upon the axle. In railway carriages, on the contrary, 
the axle is permanently attached to and connected with the 
wheels, both being separate from and independent of the car- 
riage. The axle projects on either side beyond the wheels. 
Wbeo the wheels are placed under the carriage, the bearings 
are outside the wheels, and are formed into a sort of fork, which 
rests outside upon that part of the axle which projects beyond 
the wheel. 
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The outride beariDg, as it is called, is provided with a small 
box made of brass or gun metal, placed immediately over the 
axle, called the grease-boXf which, communicates ^prith the axle 
by an opening in the bottom. The top opens by a liinged lid, 
so as to enable it to be replenished from time to time. . As tl^ 
carriage passes along the road, men ara prepared at appointed 
stations with grease cans, and they go round the carriage refilling 
these grease-boxes. 

The grease used for this purpose, known by the name of 
yellow grease, is composed of tallow, palm-oil, soda, and water, 
which are combined in different proportions according to the 
season of the year, and according to the varying usages of dif- 
ferent railways. 

On some of the English nilways the following is the cus- 
tomary proportion of these constituents in 1000 lbs. of grease : 

TaUow J 253 

F^lm-oil .% 88 

Soda 25 

Water 634 

1000 

On the Belgian railways, a much larger proportion of palm- 
oil is used, the following being the composition : 

Tallow 83 

Palm-oil , 207 

Soda 14 

Water 696 

1000 

This analysis compared with the former shows in the eon- 
stituents 3 times. Jess tallow, and 2^ times more palm-oil. 

The only variation in different seasons of the year is that the 
proportion of water is augmented with the temperature of the 
weather. 

In the year 1844 the quantity of this grease used on the Be)'* 
gian railways was 75 tons, the cost of which was (£84, being «( 
the rate of 22«. bd. per ton. The cost, according to the En- 
glish composition, does not differ materially from this. 

The mileage of the trains upon which this grease was con- 
sumed was equal to a single train of 14 vehicles running about 
a million of miles. >. 

At the chief stations sheds of vast extent are provided for the 
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reception of the carriagefl, in which a great namber of parallel 
lines of railway are laid down, and in which the carriages are 
received for pnrposea of cleaning and repair. At such stations, 
also, workshops and artificers are provided for the smaller class 
of repairs which may be required by the carriages and other 
vehicles, and a sufficient supply of duplicatefl ia 4ept. 



These observations are applicable chiefly to principal stations. 
The intermediate stations which are edtablisbed along the line 
of railway vary in magnitude according to the population of the 
town or district with which they communicate, the smallest 
class consisting of a single waiting-room, booking-office, and two 
or three clerks and porters. 

The number of stations provided upon a line of railway is 
necessarily governed by the density of the population and the 
activity of the commerce and intercourse prevailing in the 
country through which the railway is carried ; and in this re- 
spect railways differ very much from each other, especially on 
the Contraent. 

On the English railways they are necessarily numerous, the 
population being dense and busy. On May 1, 1848, the total 
number of miles of railway under traffic in ibe United Ejngdom 
was 4253. The number of stations distributed over this leagth 
was 1831, being at the rate of a station for every 3^ miles. If 
the number of stations on the railways now open be in the same 
proportion, their number is 1653. 

The activity of the intercommunication which is miiintained 
throughout the country may be indicated, in connexion with the 
mileage of the traffic, by the number of stations combined with 
the number of departures which take place daily from them, 
which are seen in the time-tables. 

RAILWAY REFRESHMENT ROOMS. 

It would be an unpardonable omission if this exposition of the 
arrangements made by the railway companies for the conven- 
ience of the public in their embarkation and disembarkation, and 
other accessories of transport, were concluded without some 
notice of the refreshment-rooms. v 

The stage-coach traveler, who dates his experience from an 
epoch anterior to the last fifteen or twenty years, will not for- 
get the miseries of the road incident to coach breakfiaisti, 
lunches, dinners, and suppers ; and the shabbies about the 
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bill, the wretchedness of the fare, and the indefinite cravings 
of the waiters, the watermen, laggage-porters, and other in- 
terminable animals of prey, which ever infested the coach 
taverns. 

These are now among the things liiat were, and are hence- 
forward consigned to the novelist and the historian of the 
manners of a past age. 

The railway traveler finds at those points of his route where 
the train stops for the purpose of refreshment, magnificent 
salons, luxurionsly furnished, warmed, and illuminated. In 
these are established buffets and all the appliances necessary 
for the supply of every variety of refreshment Which each 
class of travelers can possibly desire. These being placed 
directly or indirectly under the control of the railway authori- 
ties, are organized and disciplined in the most admirable man- 
ner. A tarifiT of prices, most moderate in amount, guarantees 
the traveler from extortion. The attendants being all paid by 
the company or its subordinates, neither desire nor expect 
gratuities, and, indeed, the acceptance of such is strictly for- 
bidden. 

As the trains which move in opposite directions always keep 
dififerent sides of the road, and as the practice of crossing the 
line is attended with much personal danger, as will be shown 
when we come to consider the catises of accidents on railways, 
the railway companies have in general, at the refreshment 
stations, erected two buildings, one on each side ef the line, in 
each of which a series of refreshment-rooms is provided. 

The upper part of these buildings is appropriated to lodging- 
rooms for the superintendents and waiters of the rooms, and 
the two buildings are usually connected by a bridge crossing 
the road, so that the attendants can pass with facility from one 
to the other without incurring the danger of passing over the 
line. 

In these establishments a certain number of the waiters and 
superintendents sit up during the night by turns to attend on 
the passengers arriving by the night-trains. 



CHAPTER IX. 

THE. CLEARING-HOUSE. 

When some progress had been made in the completion of 
the vast network of iron roads which now overspreads the 
United Kingdom, and when railway after, railway, to the num- 
ber of some thirty or forty, had been successively opened for 
traffic, and had eiSected junctions with each other, so as, in 
reality, to form one connected system of internal communica- 
tion, though under numerous independent administrations, an 
inconvenience arose which for some time appeared to menace 
the operations of railway establishments with insurmountable 
difficulties. 

The exigencies of the transport had no relation with the 
arbitrary limits which separated the domain of one company 
from that of another. Passengers and goods required to be 
booked and continuously transported from one point of the 
kingdom to another. But no company possessed the power to 
do more than carry the passenger or the goods to the limits of 
its own line ; there they were handed over to another com- 
pany, who, in like manner, carried them over its territory, and 
transferred them to a third, and so on. Each company had its 
own independent machinery of transport, consisting of engines, 
carriages, wagons, and vehicles of every description^ It had its 
own system of financial operations and accounts, and its own 
tariff; the consequence of which was, that the traveler was 
compelled, in passing every boundary between the rails of two 
adjacent companies, to pass from one carriage to another, with 
his luggage, no matter what might be the inconvenience attend- 
ing such an operation, arising from inclemency of weather, or 
from the hour of night. 

Great as was this inconvenience, that which attended the 
transhipment of goods was infinitely more grave. The wagons 
had to be unloaded, and their contents discharged upon wharves 
and platforms; and these had again to be reloaded upon the 
wagons of the other company. 

Such an operation was not only attended with great expense, 
which must necessarily fall upon the expediter of the goods, 
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bat abcwith serious delay, damage, and risk of loss. In short, 
the inconvenience to the public was so enormous, and the 
clamor which it excited, both among the commercial classes, 
and those who traveled bj the railways, was so irresistible, that 
it became manifest that some arrangement must be adopted 
by which the public would be accommodated, and the traffic, 
both in goods and passengei*s, expedited over the railways of 
different companies without being rebooked, repacked, or 
transhiped. 

The point was practically conceded, find the traffic of all de- 
scriptions carried without interruption from the lines of one 
company to those of another. 

But this immediately produced grave inconveniences and dif- 
ficulties among the companies. A portion of the receipts which 
was paid into the hands of each company at various stations, 
had to be paid over to other companies upon whose lines the 
traffic, whether in goods or passengers, was carried. But be- 
sides this, the vehicles of every sort, belonging to one company 
were unavoidably used to carry traffic upon the lines of other 
companies. 

Hence arose an intolerable chaos of cross accounts, out of 
which sprung vexatious disputes and much litigation. 

The confusion and difficulty were at length removed, and 
this system of complicated debits and credits was reduced to 
perfect clearness and order by a happy thought suggested by 
the operations of the London bankers. The similarity of the 
reciprocal claims of the railway companies arising out of the 
operations just explained, to those of the London bankers, aris- 
ing from the bills and checks drawn upon the others, received 
by each of them daily, struck the mind, of Mr. E. Morison, 
who suggested the plan of establishing a railway clearing-house, 
founded on principles identical with those which had been so 
successfully brought into operation in the Bankers' clearing- 
house. 

It is known that a check drawn upon any London banker 
may be paid to any other London banker, and placed to the 
credit of the customer who presents it ; the banker receiving 
it undertaking to obtain its liquidation from the banker on whom 
it is drawn. 

This, however, is effected only in an indirect manner; and, 
as we shall see, the liquidation is accomplished without the act- 
ual presentation of the check, or its payment in cash. . 

It is now about three quarters of a century since the banking 
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operations of London became so extensive and complicated, 
that the difficulties arising from the daily settlement of the bills 
and checks respectively payable by each London banker to the 
others called into existence the establishment now known by 
the name of the ** Clearing-hoase," which is located in Lom- 
bard-street, in the building formerly occupied by the Post-office. 
This establishment is placed under the direction of a committee 
delegated by bankers, who mutually associate for this purpose. 
Two salaried functionaries, called inspectors, have its imme- 
diate management, and are there present for the transaction of 
business. From time to time duriqg the day, the bankers 
severally transmit to this office the checks and bills which they 
receive, and which are payable by other bankers. As fast as 
they arrive they are sorted, and classed according to the bank- 
ers by whom they are payable, so that the checks and bills pay- 
able by each banker to the various other bankers are classed 
together. 

The clerks from the several bankers who bring to the clear- 
ing-house the bills and checks receivable by them take at the 
same time an account of the bills and checks which have arrived 
at the clearing-house, and which are payable by them, and are 
thus enabled, toward the close of the day, to make up in their 
private books an account, as well of the checks and bills payable 
by them, as of those receivable by them. 

The reception of bills and checks is continued at the clearing- 
house until four o'clock, after which if'ceases ; and the interval 
from that time till about half-past five is' devoted to the adjust- 
ment of the accounts, which is accomplished in the following 
manner: 

The clearing-house, by a fiction, makes itself the common 
debtor and the common creditor of all tho bankers. It debits 
each banker with the amount of the checks and bills payable 
by him to every other banker, and it credits him with the 
amounts of all the checks and bills receivable by him from 
every other banker. This operation is facilitated and expedited 
by a simple printed form, which occupies a sheet of paper con- 
sisting of three columns^ the left and right-hand columns being 
left blank for the debits and credits, and the centre column being 
printed with the names of the bankers associated in the clear- 
ing-house alphabetically arranged. 

One of these accounts is filled up after four o'clock, as between 
the clearing-house and each banker. The amounts of the bills 
and checks receivable by such banker are written on the right- 
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hand or credit colamo, opposite to the names respectiTely of the 
bankers by whom such bills or checks are payable, and the 
amounta of the bills or checks payable by snch banker are writ- 
ten on the left-hand or debtor column, opposite respectively to the 
names of the bankers to whom such billa or checks are payable. 

These statements, thus iiired up, may be considered as a 
debtor and creditor account between the clearing-house, repre- 
senting all the bankers collectively, and the aingle banker with 
whom such account is formed. 

When thus tilled up, tha statement is examined by the clerk 
of the banker in question, and each item is by him verified by 
reference to the clerks of the several other bankers. When 
thus verified, it is returned to the inspector, who signs it, and 
either receives or pays the balance which appears at the foot of 
each account, according as the debits exceed the credits, or the 
credits exceed the debits. 

It is clear that the sum of the balanciss receivable by the 
clearinjg-house must be precisely equal to the sum. of the bal- 
ances payable by it, so that the amount which it receives on the 
one hand liquidates the amount which it has to pay on the other ; 
and, in reality, as must necessarily have been the case, it ^be- 
comes the mere agent or channel through which the payments 
pass from one bank to the other. 

In the practical working out of the business, there are numer- 
ous details, such aa certain mutual settlements between clerk 
and clerk, with the sanction of the inspector, which, being of 
no importance to the principle of the institution, need not be 
noticed here. « 

To render clearly intelligible the operations effected by the 
railway clearing-house, which has been established upon princi- 
ples analogous to those of the bankers', it will be necessary, 
first, to explain the reciprocal interchange of business which 
takes place, creating systems of mutual credits and debits be- 
tween company and company. 

The number of companies who have combined their opera- 
tions in this manner is at present (Nov. 1849) forty-five, com- 
prising all those whose railways lie north of a line passing from 
Bristol through London to Harwich ; in fact, all the railways 
of the kingdom, except the Great Western, the Southwestern, 
the London, Brighton, and South-Coast, the Southeastern, and 
their branches and collateral lines. 

These railways possess 887 stations, at any one of which 
traffic may be booked for any other; the consequence of which 
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is, that there are nearly four hundred thousand different pairs 
of places within the circle of operations of the onited companies, 
between which traffic may be transmitted. In passing from 
any one such station to any other, the traffic may pass over part 
of any or all of the lines of the combined companies with as 
much continuity of progress as if the whole system were under 
the government of a single company. 

The service of the transport, whether of passengers or goods, 
consists, first, in the service of embarkation, which includes all 
the formalities observed at the station of departure, consisting 
of booking, weighing, loading, packing, 6ce, ; secondly, of the 
transport, properly so called, which is represented by a mile- 
age ; and, thirdly, of the formalities and services of the stations 
of arrival, where the traffic is unloaded, discharged, and deliv- 
ered, and frequently sent to the domicile of the party to whom 
it is addressed. 

A certain rate of charge, according to the nature of the traffic, 
being agreed upon for each of these parts of the service of 
transport, the sum receivable for each object of transport must 
be divided among the companies over whose lines it passes, 
including those at whose stations the traffic is received and de- 
livered. But the sum payable for such transport is reeelred 
either by the company at whose station the traffic is booked, er 
by the company at whose station it is delivered, or partly by 
one and partly by the other. 

Two companies must be therefore debited with the sums 
they thus receive, and they, as well as other companies inter- 
mediate between them, over whose lines the traffic may have 
passedf must be credited in the stipulated proportion according 
to the mileage. 

The first object to be attended to by the railway clearing- 
house is to adjust these complica^ debits and credits, as well 
for passengers as for every species of goods, with simplioityf 
clearness, and dispatch, and in such a manner as not to give rise 
to subsequent disputes. 

But besides the interchange of credits for traffic, a mott com- 
plicated account arises, out of the circumstance already ex- 
plained, for the use of the rolling stock. The wagona of each 
of the numerous companies which enter into the union of the 
clearing-house are driven indifferently over the lines of all the 
others, carrying traffic for various companies, and sometimes 
transporting a load no part of which is to be credited to the 
company owning the vehicle in which it is borne. 
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By mataal agreement, a cerCftin fixed rate is cBtrged for the 
Dse of each class'of vehicle, and every company over whose 
lines the vehicles^ of other contpanies pass, being in the first ■ 
instance credited for the traffic carried by these vehicles, is 
debited for the use of tile, vehicles themselves in which sach 
traffic is carried. A mileage account must therefore be kept 
of ail the rolling stock of all the combined oMcipanies, so that 
the coarse of each vehicle may be traced froiii day to day and 
from hodr to hour, so that its mileage may be debited to sucb 
companies as may have shared its use ; and in case of undue 
delay at the stations of any company, a demurrage may be 
charged, according to a stipulated condition, proportional to such 
delay. 

To adjust in a satisfketory and equitable raadner these'^tac- 
counts for the mutual use of the rolling stock is the second 
function of the clearing-house. 

The passenger traffic being liable to a government duty pay- 
able on booking to the dompany at whose station pussengers are 
embarked, must necesiarily pay this duty id advance, and must 
pay it for the entire trip for which the passenger is booked. 
This doty, however, is clmrgeable in thU proportioa of a mileage "* 
to bR the companies o^er whose lines th« passenger travels. 
Hesee mi account must be kept in which the booking company 
will h^ credited for the duty thus paid, and the several compa- 
nies over whose lines the passenger is carried would bo debited 
in proportion to the mileage for their respective shares of the 
amount. 

When the claims of one company upon another, arisii>e out ." 
of these transactions, are not liquidated within a stipulated ^nie, 
thby are subject to interest at a rat* agreed upotf. An interest ' 
account must therefore be kept between company and company. 

Luggage, parcels; and other objects of traffic being liable to 
be lost or unduly delayed, claims and cofnplaints arise between 
company and company. The settlement of such claims enters 
into tho class of operations to be transacted by the clearing- 
house. 

Such are the principal functions which the institution of the 
clearing-house is^called on to discharge. 

Let us now consider the manner in which these operations 
are effected. 

The central clearing-house ia establisheFd in London, in a 
building situate near the Euston Station of the Northwestern 
Railway. It is placed under the dh:«ction of a body of mana* 

G 
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gers elected by the companies, in which each company is repre- 
sented. 

This central office has agents at all the stations comprised 
within the circle of the united companies. 

In adjusting the mutual debits and credits of the companies, 
no company is regarded either as the debtor or creditor of any 
other, but the clearing-house is the common creditor and the 
common debtor of all. We shall explain successively the mode 
in which each class of claim is arranged, beginning with the 
most important. 



THE OOODS TRAFFIC AND LIVE S^TOCK. 

From each of the 887 stations goods are, or may be, forwarded 
daily to any or all of the other 886 stations. An account of such 
goods so forwarded, with the sums paid and received for each 
parcel, is kept at each of these stations, and a copy of. this ac- 
count, written in black ink^ is forwarded daily to the central 
clearing-house in London. 

In like manner, at each of the 887 stations a quantity of 
goods is, or may be, received daily from any or all of the other sta- 
tions, an account of which is kept. A copy of this, written in red 
ink, is daily forwarded to the central clearing-house in London. 

The central clearing-house thus receives, or m&y receive, 
887 black and 887 red accounts daily; the black reporting all 
the goods which have been forwarded from all the stations, and 
the red reporting all the goods which have been received at all 
the stations. 

Now, as it is evident that thie goods which are received can 
neither be more nor less than the goods which are forwarded, 
the red accounts must correspond exactly with the black ac- 
counts, although the items will occur in a different order. A 
parcel of goods dispatched from one station must have arrived 
at some other, and a parcel of goods which has arrived at any 
station must have been dispatched from some other. Thus an 
entry in the black accounts must have a corresponding entry 
in the red accounts, and an entry in the red accounts must 
have a corresponding entry in the black accounts. 

This is what ought to take place, supposing no error in the 
accounts, and no miscarriage in the transport; but in practice 
it is found that this perfect accordance is never realized, and 
that there is, upon an average, somewhere about thirty per 
cent* daily of entries in the one which have no corresponding 
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entries in the other. This discrepancy arises from one of three 
CBnaes, first, from an entry beiog made of an object dispatched, 
which object has been accidentally, or, through error, mislaid ; 
secondly, from an entry being omitted of an object received, 
although that object may have been received ; and, thirdly, from 
a miscan'iage en route. 

At the central clearing-house, where the two statements of 
accounts, black and red, are compared, and their discrepancies 
detected, letters are written to such of the stations where the 
errors have been committed, giving notice of the omission, and 
demanding explanation. Rectifications and explanations ensue* 
and the accounts are finally adjusted. 

The central clearing-house having opened an account with 
each of the companies, credits each with the sums which 
appear to be receivable by it from the system of accounts ex- 
plained above, and debits-it for the sums with which it appears 
to be chargeable. 

At the close of each month, these several accounts between 
the clearing-house and the companies respectively are balanced. 
In some of these the balances are in favor of the clearing-house, 
in others in favor of the company; but from the nature of the 
transactions, these sets of balances must be precisely equal; 
the sum due to the clearing-house by the debtor companies 
must be equal to the sum owing by the clearing-house to the 
creditor companies. The debtor companies having liquidated 
their balances, the clearing-house distributes the sum it receives 
between the creditor companies, in the proportion of their 
respective balances. 

But if the debtor companies, or any of them fail to liquidate 
their balances within a specified time, then the clearing-house 
debits such companies with interest on such balance at the rate 
of five per cent.; and it credits those creditor con^paniea 
whose balances it fails to liquidate, in consequence of such 
delay, with interest at the same rate. Thus the interest cred- 
its will be exactly equal to the interest debits. 

PASSENGER TRAFFIC. 

When passengers are booked at- any railway station for any 
other station, they pay their full fare, and receive a stamped 
ticket, on which is indicated the place, day, and hour of their 
departure, and the place of their destination. 

On arriving at their destination they deliver up this ticket 
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to the agents of the itation of arriTal. Carriages and horses 
booked are represented in lik^ manner by tickets or checks, 
^hich are delivered up on their arriral. Parcels and baggage 
are entered on a way-bill, in which are indicated the places 
of their destinafion, and the sums paid, or to be paid, for them. 

£ach station sends daily to the central clearing-hoase a state- 
ment of the number of passengers of each class Which it has 
booked, with their places of destination, and the sums received. 
It sends, also, a statement of the horseo, carriages, and parcels 
booked, with like particulars. 

Each station likewise sends to the central clearing-house all 
the tickets which have been deliyered by passengers who have 
arrived there daily, as well is the checks for carriages and 
horses, and likewise a atatemmftt of the parcels and luggage 
which it has received. 

At the central clearing-house the tickets are examined and 
classed, and their number in the gross of each class compared 
with the number in the gross of the passengers who have been 
booked. These two ought to correspond, and any diserepan* 
cies are notified, and ultimately explained and adjttsted.. This 
operation is facilitated by a coarse observed in all the booking- 
offices, in consequence of which the passenger tickets of each 
class are issued. in numerical order, each ticket heing stamped 
with a separate number, and tiie numbers following each other 
consecutively for each clase daify from 1 to 10,000. 

The account for parcels is dealt with in a manner precisely 
similar to that which has been already explained- in the cbbo of 
merchandise. 

The clearing-house debits the companies respectively for the 
sums they have received for all these objects, and it credits 
them according to the stipulated rate for the mileage, embarka- 
tion, or delivery of such as have passed over their lines, for 
such as they have booked and embarked, and such as they have 
discharged and delivered. 

These accounts are balanced monthly, and dealt with in the 
same manner, exactly, as has been already explained in the 
case of goods. 

The passenger tickets, after having been duly examined and 
classed, so as to regulate the clearing-house accounts, are re- 
turned to the companies respectively. 

A separate account is kept of the government daty payable 
for passengers, and which, as has been observed, is exacted 
from the company with whom the passenger is booked, thobgh 
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chargeable to all the companies over whose lines the passenger 
is carried, in proportion to their respectiye mileage. The 
cleariog-boiise credits the company which books for the entire 
amount of the duty it has paid, aad then debits all the companies 
over Whose lines the passengers are carried, including t];ke book- 
ing company itself, with their respective proportions of the duty 
according to the portion of the lines over which the passengers 
have been carried. ^ 

Although the clearing-house accounts are only furnished 
monthly to the several companies, yet a weekly abstract of the 
account for the traffic in passengers atid goods is sent to them 
respectively, to enable them to niake up, as is customary, their 
weekly returns of traffic. 



CAIUITIN0 STOCK. 

The clearing-house has agents posted at all the points of 
junction of the lines of different companies at which traffic is 
liable to pass from one to another. The duty of these agents 
is to register the number and quality of each vehicle, which 
passes from one line to another, indicating its owner. They 
also register the number of the tarpaulins by which wagons 
are covered, and which do not necessarily constitute a part of 
the wagon, nor always belong to the same owners. 

The clearing-house agents at all the stations keep a similar 
register. A comparison of all these registers, copies of which 
are sent up to the central clearing-house, enables the authori- 
ties there to trace the course of every wagon over the network 
of lines, and to ascertain its daily mileage on each line, and the 
time it has been detained at the stations respectively. The 
clearing-house by these means is enabled to debit the companies 
respectively at a stipulated rate of mileage for the use of the 
wagons or of the tarpaulins, as the case nlay be, find to credit 
the companies who own the same for like sums. A statement 
of accounts representiug the use of the rolling stock is thus 
opened between the clearing-house and the companies respect- 
ively. In each of these accounts there appears on the credit 
side the sums due to the company for the use of its wagons 
and tenders by other companies, and on the debit side the 
sums due by it for the use of the wagons and tenders of other 
companies upon its lines. The balances of these accounts are 
settled monthly, and are subject to precisely the same observa- 
tions as the balance of the traffic* 
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Finally, all qnestions and claims respecting lost luggage or 
parcels are made and arranged throngh the agency of the clear- 
ing-hoase. When any parcel or other object has failed to 
arrive at its destination, or when any passenger misses a portion 
of his luggage, notice is sent to the Lost Luggage Office and 
the clearing-house, with an indication of the route over which 
the passenger traveled, or the station at which the lost pbject 
was booked. A communication is immediately sent to aB the 
stations along the line indicated, with a description of tfie ttb- 
ject lost, and answers are duly received. In general the obj0ct 
is recovered if lost upon the road. 

The enormous extent of the transactions in the settlement 
of which the agency of the clearing-house is employed may be 
imagined from the following circumstances : 

, The number of communications made daily froni the central 
clearing house to the provincial stations respecting errors and 
omissions in the reports of traffic are estimated at two hundred 
and fifty. The number of distinct accounts settled and balanced 
monthly for the goods traffic alone is estimated at about five 
thousand. 

The monthly account furnished tq each of the companies who 
are united in the establishment of- the clearing-house eontains 
for each station of each company a statement of the weights of 
each object of traffic, the distances on the respective lines over 
which it is carried, the expenses of its embarkation atid disem- 
barkation, and the balance on the total traffic at each station. 

These monthly accounts are codsidered final so far as respects 
their settlement, and in case the companies fail to liquidate 
them they are chargeable with interest; but any errors or 
omissions which may be detected in them are corr«oC«d Mnd 
allowed for in the accounts of the subsequent montii. . * 

As an example of the complexity of the accounts settled by 
this establishment, it may be mentioned that in the parcel de- 
partment alone the majority of parcels booked are under twelve 
pounds weight, and the total charge for their embarkation, 
transmission, and delivery, frequently does not exceed four 
shillings. Thus, from any part of Birmingham to any part of 
London the charge, including cartage and delivery, is only one 
shilling, and the charge between London and the remotest part 
of Scotland is only four shillings. These chgrges ha^e to be 
debited among all the companies over whose tines. and in whose 
wagons the objects may have been conveyed. In this way one 
shilling has sometimes to be credited to tfareo companies. 
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I am indebted to Mr. K. Morisoo, the manager of the clear- 
ing-house, for the following return of the present statistics of 
the establishment: 

CUaring^kmue StoHtticsfor llear ending Jufu 30, 1849. 

NamW of railway companies associated in ^ 

the clearing system 45 

Leagth of associated lines. 3,633 miles. 

^Aferage length 80 J „ 

Number of stations supplying returns 887 

Aqiount of accounts passed through clearing- , 

house . ^ : 1,691,720/. 12s. 

Tons of goods included in these accounts. . . 2,215,407 

Number of passengers, do • 696,407 

Their total mileage 103,240,304 

Average mileage per passenger 148 

Number o^ wagons on which the clearing- 
house charged mileage 487,304 

Number of passenger-coaches, do 79,260 

Average number of junctions crossed per 

passenger 1*85' 

The principle which has been brought into successful opera- 
tion in the clearing-house admits of still more extensive applica- 
tion, which doubtless it will receive. 

The practical effect of the arrangement, even so far as it is 
hitherto developed, is to facilitate such aO interchange of the use 
of the rolling-stock, and the service of the stations between com- 
pany and company, as to render their benefits in a great degree 
common to all. Each company by this expedient maintains a 
stock not only for its own traffic, but to some extent for the 
traffic of other companies, and in exchange receives the benefit 
of the stock and the stations of other companies. 

The perfection to which this system tends would be, that a 
common rolling stock should be kept for all the companies, in 
the support of which they should as it were club, each contrib- 
uting a share to its maintenance, in proportion to the quantity 
of traffic transported by it. 

At present the interchange is limited to thoTehicles of trans- 
port, the engines of each company being confined in their move- 
ments to the lines of the company to which they belong ; but 
there is nothing which should prevent, under proper arrange- 
ments, the same interchange of locomotive power as now takes 
place with so much advantage in the carrying stock. 

In fine, the clearing-house may ultimately grow into atf'Ofltab- 
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lisbment for the maiuteoance of a general locomQtiTe and carry- 
ing 0tock for the use of all the railways, to be supported by the 
railways in common, and charged to them in the proportion in 
which they use it. 

So far as regards the management of the traffic, there is 
nothing which should limit the operation of the clearing-bouse 
to the railways of the United Kingdom. 

By proper arrangements, the same rec^rocal conveniences 
now obtained by the railway companies in reference to the traffic 
booked through, as it is technically called, might be extended to 
the entire continent of Europe, so that passengers or goods might 
be booked at any station on any English railway for any station 
on any continental railway. The fare might be received on 
booking either wholly or partially, and might be distributed be- 
tween the various lines over which the traffic ahould paas, in the 
same manner as it at present is among the railways which are 
united under the clearing system. 



CHAPTER X 

FASSENOER TRAFFIC. 

Thb movement of the passenger traffic, like that of the draw- 
ing and carrying stock, is expressed by its mileage. 

If the distance in miles over which the passengers are indi- 
vidually transported be added together, the aggregate will be 
their total mileage, and will express the number of passenge^, 
each of whom being carried one mile would give a mileage equal 
to the actual traffic. 

The mileage of the different classes of passengers is a matter 
of easy calculation from the records of the booking office. The 
ticket delivered to each passenger expresses the stations of de- 
parture and arrival, from which the distance traveled can be at 
once ascertained. In the following table is exhibited the total 
number of passengers of each class earned on the English rail- 
ways during a period of 6^ years, ending the 3l8t Dec. 1848« 
together with the total mileage of each class. 
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Tabui.ir AsAirao of Om Movemenl of Pauengeni on the 
the Unitod Kiafc-dom. during the Bijt Yeay> and a Balf tara 


H.awey.of 
inatbgDeo. 


For twelre mciiiQiiflDdng Jans 30, 1B43. 


ioOkei. 


TotnlMllesge. 


*,57fl,540 
I1,9BS.51B 
B,g»l,B<J 


J ie.9 90,040 
173,778,573 






Tot«Ii 

For twelve montha ending June aO, 1M<, 


33.466,880 


37T.916,663 


5,3»3,33a 
13,369.6 M 
9,100,584 


140,3a.i,fi3S 
191.083,478 
113,757.300 






Totili 

For twelva monfhi trnding Juno 38, 18<5. 


B7.763,B0e 


445,067.410 


5,844,163 
14.6tiS,8a5 
13.481,866 


146.748,338 
an.l87,BB0 

ies,5i5,Bia 






Tol»I< 

Fm twelve moDtiu ending Juoe 30, 1846. 


33.701,354 


500,451.930 


«,sas.BJ6 

17.805,788 
IS.359,3M 


m.913,349 

388.373,780 






Totili 

For twelva montha eodiae Jme 30, 1B4T. 

HtclMl 


43,790.984 


198,!69,708 


T.I 10,940 

S0.3 13,966 
83.837,336 


173.709,839 




Totmlj 

For twelve monthi atding Jane 3D, 184S. 


51,353.103 


805UI05,5fl.-i 


asiosslTBa 


180.380.693 
348,467,044 






Tot«li 

For ■>( moDthi ending DeMmbar 31, IBia. 


57,965,071 


907,014,935 


3,743.soa 

la,lPI,349 
15,fl9,'.,HI 


i^.^Z 






TotaJf 


31,630,393 


533,169,682 
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From the data supplied from this table we are enabled to col- 
lect the average daily amount of transport in passengers exe- 
cuted by the railways. 

To do this it is only necessary to divide the mileage in each 
of the above periods by the nuoober of days. ~ hi like manner, to 
ascertain the average distance traveled by each passenger boolied 
in the successive periods, it is necessary to divide the numbers 
given in the second column by the corresponding numbers in 
the first column. 

Finally, to determine the average number of passengers 
booked per day, it is only necessary to divide the numbers in 
the first column respectively by the number of days. 

The following will be the results : 



Tabular Analysis of the daily Mileage, average Distance traveled by 
Passengers, and average Numbers booked on the Railways of the 
United Kingdom. 



For twelve mon^s ending Jnne 30, 1843. 

1st class ..... 

8d class 

3d class ^ 

Totals and averages 

For twelve montha ending Jane 30, 1844. 

1st class 

2d class 

3d class ' .■■ 

Totals and averages 

For twelve months ending Jane 30, 1845. 

1st class 

Sd class 

Sd class 

Totals and averages 

For twelve months ending Jane 30, 1846. 

Istolass ^.. 

8d class 

3d class 

Totals and averages 



Average 

daUy 
Mileage 



326,000 
473,366 
236,022 



1,035,388 



384,182 
523,516 
311,664 



1,219,362 



402,050 
578,597 
461,687 



1,442,334' 



527,434 
896,637 
760,229 



2,184,300 



Average 
Distance 
traveled 
by each 
Passen- 
ger. 



26*00 
14*40 
12-50 



16-10 



26-00 
14-40 
12'50 



16-03 



26-^ 
14-40 
12-50 



15-57 



J29-50 
18-33 
14-33 



18-22 



Average 
Namber of 
Paasengen 

booked 
daUy. 



12,538 
32,873. 

18,882 



64,293 



14,776 
36,355 
24,933 



76,064 



15,464 
40,180 
36,935 



92,579 



17,879 
49,057 
53,039 



119,975 
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Averafe 

daily 
Mileafe. 



For twelve monthf ending June 30, 1847. 

Ist class - 

2d class ...'. 

3d class -. ---, - . 

Totals and averages ...... 

For twelve months ending Jane 30, 1848. 

1st class 

2d class 

3d class ........^. 

Totals and averages 

For six months ending Dec. 31, 1848. 

1st class 

2d class..... 

3d class 

Totals and averages 



475,898 
851,985 
877,611 



Average 
Distance 
traveled 
by each 
Passen- 
• get. 



2,205,494 



494,166 

954,704 

1,036,074 



2,484,944 



553,330 
1,104,388 
1,208,964 



2,866,682 



24-40 
14-70 
1416 



15-74 



2500 
1600 
1300 



15-65 



27 00 
16-50 

14-00 



16-54 



Average 

Number of 

Passengers 

booked 

daUy. 



19,504 
57,958 
61,978 



139,440 



19,767 
59,669 
79,698 



159,134 



20,493 
66,932 
86,354 



173,779 



Thd results of this table are remarkable, and with many will 
be unexpected. The average distances traveled by the different 
classes of passengers which are exhibited in the second column 
are much smaller than might have been supposed. Thus the 
first-class passengers booked, taken one with another, traveled 
only 27 miles even in the last half-year, when the distance was 
increased comparatively with previous results. 

The average distance traveled by second and third-class pas- 
sengers are 16 and 14 miles respectively. 

It may be objected to the average distances obtained in this 
way, that although they are correct for any system of railways 
conducted under single management, yet that as passengers who 
start from a station on one railway, pass succpssively during the 
same trip over the lines of one or more other companies, they 
will figure in the returns as so many different passengers booked; 
that they will therefore unduly augment the divisor by which 
the mean distances, are calculated, and therefore give average 
distances under the truth. 

To ascertain to what extent this objection prevails, we shall 
take advantage of some returns of the traffic which passes from 
railway to railway, given by Mr. Morison, the manager of the 
railway clearing-house. 
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According to these returns, the total number of (NMsengers 
who went from one railway to another in the year 1845 
was 517,888, and the total mileage of these passengers was 
75,783,149. The arerage distance traveled per passenger was 
therefore 146 miles. The average length of the railways sever- 
ally was 41 miles, therefore the average number of junctions 
crossed by each passenger was in that year 3*61. It follows, 
therefore » that each of these passengers counted in the total 
booked as 3*61 passengers, and we shall obtain the true number 
booked by subtracting from the total the above number of through 
passengers multiplied by 2*61. Thus we have, 

Total number booked in 1845,6 43,790,984 

Deduot for passengers booked m«re than oaoe, 

517,888X2-61 1,351,688 



42,439,296 



Dividing then the total mileage, 798,269,708, in 1805,6, by 
this, we find for the average distance actually traveled by each 
passenger booked 18*8 miles instead of 18*2« 

Since 1845, owing to the amalgamations, the average length 
of the independent lines is less, and therefore the correction 
would produce still less effect on the computed average 
distance. 

The number of the passengers recorded in the clearing- 
house for the twelve months ending June 30, 1849i was (se« 
p. 151) 

696,407, 
and their total mileage was 

103,240,160. 

Taking the halves of these numbers as approximately repre- 
senting the through passenger traffic for the half-year ending 
December 31, 1848, we have the number of through passengers 
for that half-year, 

348,203, 
and their mileage 

51,620,080. 

The average distance traveled by each through passenger was 
therefore 

148-2. 
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But the total length of the associated railways was 

3633, 

and their namber was 45. Their average length was therefore 
80*7 miles. 

Dividing 148-2 by 80*7, we obtain 1*83 as the a?erage namber 
of junctions crossed by each through passenger. 

To find, therefore, the true number of through passengers 
booked, we must subtract 

348,203 X 0-83 ==: 289,008, 

from the total number of passengers for the half-year : 

From 31,630,292 

Sobtract 289,008 



Remains 31,341,284, 

which is therefore the actual number of passengers booked. 
Dividing the total mileage, 

623,169,6812, 
by this, we obtain 

16-7, 

instead of 16*5, as the average distance traveled by each pas- 
senger. 

It is evident, therefore, that the through traflSc produces no 
effect worthy of attention on the average distances. 

I find that similar results are obtained on foreign railways ; 
so that it may be assumed as a principle of high generality in 
the commercial phenomena of railways, that the great mass of 
the passengers consists of those who travel short distances. 

The second and third columns of the preceding table, taken 
together, exhibit in the most complete manner the actual daily' 
traffic in passengers on the railways. In the third column we 
have the actual average number of passengers of each class' 
which were booked, and in the second column we give the 
average distance|3 which they traveled. 

It may be observed that the results above obtained for the 
year 1846 are exceptional, that year appearing to have been one 
in which the movement of the population was characterized 
by extraordinary activity as compared with preceding years. 
While the lotal mileage of 1845, as compared with 1844, was 
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obIj increased about 20 per eaot., the total mileage of 1846, as 
compared with 1845, was increased 50 per cent. We find that 
the average distance traveled by aU classes was aagmeoted from 
26 to 29 miles for the first class, from 14 to 18 for the second, 
and from 12 to 14 for the third, after having been stationary for 
the three preceding years, and that they returned to their 
former amount in the following years. 

As might be expected, however, on different lines and in dif- 
ferent localities, the average distances traveled by the different 
classes vary within considerably wide limits. In order to ex- 
hibit this interesting statistical fact, I have computed separately 
the average distance traveled by the several classes of passengers 
on eleven of the principal systems of railways in England, and 
also upon all the remaining lines collectively, and give the results 
of this calculation in the following table : 



Tabular Analysis of the average Distancefl traveled by Paasengen on 
the onder-mentioDed Railway! during the Twelve Months -whidh term- 
inated on June 30, 1847. 


Names of Railways. 


Average Distance traveled 
by each Passenger. 


CJeneral average 
Distaoce trav- 
eled per Passen- 
ger, of all 
Classes. 


Ist Class. 


9d Class. 


3d Class. 


London and Northwestern... 
G-reat Western..-. ... 


Miles. 
50-50 
44-33 
3300 

36*60 
3.9 00 
32-50 
33*60 
28-20 
26-50 
2700 
20*00 
10-60 


MUes. 
32-00 
2300 
2100 

22-00 
3200 
2500 
29-00 
20*00 
10-00 
23-00 
16*00 
7*10 


Miles. 
25-00 
44-00 
13-00 

12*00 
18*00 
2100 
35-00 
29-00 
16-00 
1800 
11-00 
920 


Miles. 
40-19 
29-66 
16-85 

17-00 
26*38 
23*68 
29*1)3 
33-93 
15*60 
21-04 
12-75 
8-55 


Midland 

London, Brighton, and South 
Coast 

London and Cambridge 

London and Colchester 

Bristol and Birmingham 

London and Southwestern... 

York and Newcastle - 

York and North Midland .... 
Lancashire and Yorkshire ... 
All the remaining lines 

General averages 


24*40 


14-70 


14-16 


15-74 



To ascertain the proportion in which each class of passengers 
contributed to the business of the railways, it will be necessary 
to compare, Ist, the nunabers booked of the respective classes 
with the total number ; and, 2d, the quantity of mileage diey 
respectively employed, with the total amount of mileage exe- 
cuted. I have accordingly made such a calculation, and the 
following are the results. 
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Ta«dlab Ahaltjis of Ibe Proportion of Bm^neii lapplied to Ihe R»n- 
w>yi or the Uotled KiDRdoio by tbe several Cluiei of tauenceni 
reapectiraly, daiiag die Seven Yetaa eaduig June 30, ISid. 


For twal™ montha ending June 30, 18<3. 


Number Df 
in evorr lOd 

klDlHKl. 


Shin of each 
Clui b ecei^ 


S91 


M*a 




Total! 

For (wolva mimttil endiUE Joae 30, 18*4. 


100-0 


lOOD 


19-* 

3a» 


B 






Totali 

For twclvD montbi ending Jnoe 30, 1S43. 


100.0 


)oo-o 


39^3 


r^t 






Totals 

For twelve moothe eodlng June 30, 18)6. 


1000 


1000 


44-2 . 


348 






T««U 

Tor twel™ moofla endinE Jnoe 30, IBIT. 


100^0 ' 


loo-o 


13-B 


Si 






Totmb 

For twelve moathi ending Jnne BO. 1848. 


100^1 


loo-o 


13-4 
W-4 

so'S 


:H 






ToWli 

For lix monltii Ending Deo. 31, ISM. 


loos) 


IM-O 


385 


lis 

386 
4S-6 






Tol.Ii 




lOOO 
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Hence it appears that in ererj point of view in which the 
basiness of a railway can be considered, the two inferior class 
passengers form its chief sooree. 

The basiness consists conjointly, as has been already shown, 
in that of the stations and that of the road : in the reception, 
registration, and embarkation, and in the discharge and disem- 
barkation, which constitate the basiness of the stations ; and in 
the transport, properly so called, which constitates the business 
of the road. The former is in the ratio of the naniber of pas- 
sengers booked, irrespective of the distances, they are carried ; 
the latter, on the contrary, is in the direct ratio of their average 
mileage, or the distance they are carried, irrespective of their 
nnraber. A>;cordingly, it follows that the nambers in the first 
column of the above table, are the modtdi of the basiness trans- 
acted in the stations, and those in the second column the.moduli 
of the business transacted on the road. 

Taking the average of all the results, it may be stated that 
the business supplied to the stations by the three classes of 
passengers, first, second, and third, is in the ratio of the num- 
bers, 1, 3, and 4 ; and, consequently, that the second and third- 
class passengers collectively supply seven-eighths of the entire 
business. 

It appears also from the second column, that the same pre- 
dominance prevails with the inferior classes in supplying the 
business of the road. The mileage employed by the second 
class is double that of the first, and the mileage employed by 
the third class is two and a quarter times that of the first ; the 
relative proportion of transport among the three classes being 
as the numbers 4, 8, and 9, very nearly. The second and third 
classes collectively, therefore, employ more than ^rar-fifths of 
the mileage. 

It will be observed that the relative proportion of third-class 
passengers to the other classes underwent a considerable aug- 
mentation from 1845 to 1847. The causes of this are easily 
explained. Previously to 1846, the carriages provided for third- 
class passengers were frequently without roofis or windows. 
The third-class trains were starred at inconvenient hours, and 
were transported at a comparatively slow rate. In fact, the 
companies appeared to study the means which were most likely 
to discourage the use of these cheap trains, prompted apparently 
by the apprehension that, the more affluent classes resorting to 
them, the revenue and the profits from the other trains would be 
diminished. By these means the laboring classes were in a 
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great measure depr'iTed of the benefits of this mode of 
transport. 

The attention of the legislature was called to this in 1845t 
when an act was passed with a view to secure to the poorer 
classes the means of traveling by railway at moderate fares, and 
in carriages in which they might be protected from the weather. 
It is incumbent upon all railway companiea to whom the act 
extends, to provide, by one train, at the least, on every Week- 
day, and also on Sundays (if they work on that day), a convey- 
ance for third-class passengers to and from the terminal, and 
other ordinary passenger stations of the railway. 

The hour at which this train starts i& regulated by the com- 
missioners. 

The train must travel at an average rate of speed not less 
than twelve miles an hour for the whole distance traveled, in- 
cluding stoppages. It must take up and set down passengers at 
evdry passenger station. 

The carriages must be provided with seats, and protected 
from the weather in a manner satisfactory to the commissioners. 

The charge is not to exceed a penny a mile. 

There are provisions as to luggage, and children under three 
years of age are to be taken without charge, and above three 
years and under twelve, at half the charge for an adult passenger. 

The carriages that have been approved of by the commission- 
ers for the conveyance of third-class passengers are generally 
commodious, protected from the weather, lighted and ventilated, 
and in many instances provided with lights at night, although 
this is not required by the act. 

The fares in no case have been allowed to exceed Id, per 
mile (and some companies are in the habit of charging less). 
The regulations of the act in reference to the weight of luggage 
allowed to passengers, and the fares to be chkrged for children, 
have been enforced, and are, in most cases, in conformity with 
the suggestions of the commissioners, stated in the printed 
time-tables of the railway companies. 

These regulations were immediately followed by the great 
increase of the relative proportion of third-class passengers, 
exhibited in the above table. 

It would be highly interesting and instructive to investigate 
the proportion in which the business of the railways is supplied 
by passengers, classified according to the distances they travel. 
To accomplish this, it would be necessary to possess returns of 
the average mileage of the passengers, classed according to 
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certain given* limits of the distances for which th^y are booked. 
I have not obtained sach a return for the English railways, nor 
am I aware whether such data have been recorded ; but T have 
procured some from' foreign railways, which will elucidate this 
point, and which will be found in subsequent chapters. 

On comparing together the' results of sticcessive years, there 
appears a tendency to augmentation in the relative numbers 
of the lower classes booked, as well as of the mileage they 
employ. 

It appears from the table, p. 154, 5, that the daily passenger 
service of the railways has gradually augmented for the last two 
years, but in a different ratio for different cltiuwes of passengers. 

In the following table (see page 163) I have exhibited the 
rate at which the average daily passenger traffic has increased 
since 1843. 

We perceive in these results the same tendency which is 
uniformly manifested in the progress of the traffic, to vastly 
greater increase in the inferior than in the superior class of 
passenger traffic. 

It will not be without interest to compare the prodigious ex- 
tent of locomotive service rendered by steam power on niil- 
ways, with the amount of horse power by which the same 
service would be executed. The experience of stage-coach 
proprietors, in business conducted on a-large scale, establishes 
the general fact that a fast coach, traveling between any two 
distant places both wdys daily, requires to work it as many 
horses as there are miles. The average load- (^ such a coach is 
found to ber about two-thirds of what it is capable of carrying. 
Thus, supposing it to be capable of carrying 15 persons inside 
and out, its average load would be 10. 

These ten passengers would be carried both ways one mile 
per day per horse. The daily locomotive service of a horse 
thus working is therefore represented by twenty passengers 
carried one mile. 

If we would then ascertain the number of horses which 
would be necessary to execute the service of the railways, it is 
only necessary to divide their daily mileage by 20; the quotient 
will be the number of horsey required. 

Let us take, for example, the six months ending Dec. 31, 
1848. The daily mileage of the passengers generally during 
these six months was 2,866,682. This, divided by 20, gives 
143,334, which would therefore be the number of horses work- 
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iDg daily id stage-coaches, which would execute the imssenger 
traffic of the railways which took place daring this half year. 

It is worth while to compare the cost at which this amouDt 
of public service has been performed, with that at which it 
would have been effected by stage-coaches. In making such a 
comparison, it must be obsenred, that railway transport presents 
three sources df relative economy; 1st, the saving of fare; 2d]y, 
the saving of time ; and 3dly, the saving of tavern expenses on 
the road. 

Before the establishment of railways on their present scale, 
the average fares of mail tmd stage-coaches, includibg the allow- 
ance to guards and coachmen, which are not chargeable to rail- 
way passengers, were as follows 

FtorlOOMUeik 
«. d. 

Mail (inside) 52 

" (outside) 30 

Fast coach (inside) 48 

" (outside) 26 

The average railway fares for the same distance at present 
would be as follows : 

Per 100 HUM. 

Per mail, express, and first-class trains, corre- 
sponding with inside coach places 20 

For second and tlurd class 11 

Hence it follows, that for every 100 miles trayeled by first- 
class passengers there is a saving in the fare amounting to 30«., 
and fof every passenger of the inferior classes there is a saving 
amounting to 17s, 

The fast stage-coaches would travel, stoppages included, at 
7^ miles an hour, and consequently would require 13 hours and 
twenty minutes to travel 100 miles. This distance would be 
traveled on the railway, by slow passenger trains, in less than 
5 hours, by the faster trains in 3 hours, and by express trains 
in a still less time. But let us take it at 4 hours. Then there 
will be 9 hours and 20 minutes time saved to each passenger on 
a 100 miles trip. Now, if we take the value of the time of the 
class who tj*avel at the average value of 68. per working day of 
12 hours, this will be 6d. an hour, which will make a saving of 
4*. 8d, for every 100 miles traveled. 

Finally, every traveler who is detained long upon the road* 
must resort to taverns for refreshment. If he is 13 hours oo 
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the road, he will at least take ooe meal ; many will take two. 
A traveler, however, who ia detained only 3 or 4 honrs od the 
road, will take nooe. Let ua pat down the cost thus incurred ' 
at 6d. per 100 miles for each passenger — a very low estimate ; 
we shall then have the following account of the amount saved 
to the public, in the two years ending June 30, 1848, by the 
railways in passenger traffic, as compared with stage-coaches, 
supposing that such an amount of traffic by such means were 
practicable : 

Fares saved by 354,083,534 first-class passengers <£. 

carried one mile at 3^^. per head 5,163,718 

Do. by 1,357,936,966 secoad and third-class passen- 
gers carried one mile at 2d. per head . 11,316,141 

Value of time saved by 1,712,020 passengers travel- 
ing 100 miles, at 4s. Sd. per head 399,417 

Tavern expenses on 1,712,020 passengers traveling 

100 miles, at 6rf. a head ' 42,800 

Total saving in the two years ending June 30, 1848 16,922,076 

It will be shown in a subsequent chapter, that the total sum 
expended by the public upon the passenger traffic on the rail- 
ways, in the two years ending June 30, 1848, was 6£l 0,868,385. 
It appears, from the above estimate, that the same amount of 
traffic, if executed by stage-coaches, including all the additional 
expense incidental to that mode of conveyance, would have cost 
0^27,890,461. The saving, therefore, by the new mode of 
ti'ansport, as compared with the old, is about sixty per cent, of 
the latter: or, in other words, about seventy per cent, more 
than the total sum at present expended. 

During the seven years terminating on the 30th Juue, 1849, 
the railways were in a state of rapid development ; each year 
added largely to the total length of railway open for traffic. 
The augmentation of the amount of traffic, exhibited annually 
in the preceding tables, was therefore to be ascribed partly to 
the increased length of the railway, and partly to the increased 
demand of the public for railway transport. 

Let us, then, compare the progress of the traffic with the 
progress of the development of railways. 

To accomplish this, we must obtain an estimate of the average 
amount of railways which were under traffic: during each suc- 
cessive year. This may be obtained by taking the length of 
railways open on the last day of each year as equal to the aver- 
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age length under traffic during each tweWe months terminating 
on the 30th June. 

In the following table I have given, in the second column, 
therefore, the length of railway which was in operation on the 
let January in each of the years 8{>ecified in the first column ; 
and in the third column I have given the average number of 
passengers per day which would have been carried over each 
mile of the entire system of railways under operation, if the 
actual passenger traffic were uniformly diffused over the whole. 

This calculation is made by dividing the total average daily 
mileage of every class of passengers carried within the year, as 
given in the table, p. 154,5, by the numbers given in the second 
column of the following table. 



Tabular Analysis of the progressive Developmient of the Brailways of 
the United Kingdom, and of the Movement of PaMengem upcm them 
daring the Seven Years ending June 30, 1849. 


Twelve months ending June 30, 1843 ^ 

„ ^ 1844 


Bfiles 
open. 


Number of Pas- 
sengers carried 
perHile. 


1857 
1952 
2148 
2441 
3036 
3816 
5007 


558 
625 
672 
895 
726 
654 

* • 


„ „ 1845 .' 


„ H 1846 


„ „ 1847 


H „ 1848 


1849 



The numbers given in the above table, while they present an 
astonishing example of the movement of the population, indicate 
nevertheless the fact, that the increase of the passenger traffic 
has not kept pace since 1846 with the increase of the railways. 
While the absolute quantity of passenger traffic increased, as 
appears from the table, p. 163, in a rapid proportion, the daily 
numbers transported per mile of railway open has undergone a 
regular diminution. 

The last column of the above table shows the number of pas- 
sengers which would have been carried over each mile of the 
railways open, if the entire passenger business had been uni- 
formly distributed over the whole extent of railways under 
traffic. Independently of this average result, it would have 
been desirable to exhibit the manner in which the actual traffic 
is distributed, and how it varies from section to section of the 
several lines. No data, however, by which this can be ascer- 
tained, are extant among the records of the English railways 
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In Bttcceeding chapters will be foDDd some intsresting remits of 
thto kind, obtaiaed □□ fnreign lines. Meanwhile, in ^e absence 
of more detailed and satisfBCtorj informatloD, I have calcnlated 
the followtag table of the comparatiTe traffic per mile on certaia 
lines daring the year 1846,7. 
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In the followiog table I have given the rates at which the total 
passeoger traffic, estimated by its mileage, has augmented from 
year to year ; the rate at which the total lengthTif the railways 
in operation has augmented ; and the rate at which the average 
paoseoger traffic upon them per ntile has varied. 



Tabular Gomfarijon of the Aanattl Ratei of Incrsase of the lUUwain 
VBTiitinn of the avenge Traffic per mile of Bailway. 
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These results are curioDs anij 'lotBreetiag, The totnl pBsa< 
ti'nfiic. iDcreaamg at the unit'orm rate of 13 per cenE. per 8. 
until lB4d,6, underwent in that year a sudden and enoi 
increase of above 50 per cent, i it tlien stopped short nnd s 
fereii no change for 12 monlha, after which it ngaio b 
increHHO, but at a Blower rale than thnt at which it progres 
previously lo 1B45,6; notwithstanding the length of railway S 
operiition iu 1847,8 increesed about 100 per cent., comparJ" 
with its length previously to 

It further appears that, in 1645,6, notwithstnndiDg the lengt 
of railway id operation was increased naitrly 14 per 
average traffic per mile was increuaad upward of 33 
but in the succeediag year ths length of railway in operation 
being increased S4 per cent., the average traffic per mile v 
ditninished 19 per cent. 

The reason of the docreaaed traffic per mile is evident, 
first railwDys constructed were uaturally those which were 
ducted through the districts of most active traffic: the lata 
Were subsidiary lines of comparatively less imporltinc 
IiaTjug considerably less traffic. While, therefore, during tl 
two years 1846,8 the total amount of daily passenger t 
was augmented 13 per cent., the traffic per mile of railway wai 
diinlDished 30 per cent. 

Mennwhile, however, the average daily traffic pdr 
railways, duriog the twelve months ending 30th Jnni 
was 654 passengers; the meaniug of which is, that if the ti 
number of passangers daily carried on the railways of tbe Unitt 
Kingdom were uniformly dilfused over the whole extent of thes 
railways, 654 pasaengers would be carried over every mile o 
their entire length per day. 

By comparing the mileage of the passengera with 
mileage of the carriages by which they are trsitsported, we n 
ascertain the average number of passengers borne by each car- 
riage. 

It happens, however, as haa been already stated, that do direct 
mileage account is kept for the carriages on the English railways.^ J 
Captain Huish, who has had under his superioten deuce 
traffic of between 600 and 700 miles of railway, being nearln 
one-seventh part of all the railways of the United Kingdon 
gives the following estimate of the average load carried by ead 
class of passenger carriage : 




PA9SENGBE TEAFFIO. 





Full 
Load. 


Avenge Load 
Mcricd. 


Loud lo lull Load 


as 13- - 


es 













i! Ou the foreign railwaya, wbere the mileage qccoodI uf the 

carriages is genemlly kept, wa find the results to oorrespund 
VBi-y nearly with this. Thus, on the North of France RitilwBy, 
the number of passengers borne by flrat-claas cnrriagea in 1843 
WDs 7 : they are butU to eceotnuiodate 34. The proportion in 
this case is even lesB thsn that which obtains in Englani), beiug 
under 29 per cent. lo the sefOnd-clnsB carriages, on the eitme 
railway, the average number of passengers whs IDj. and in tbe 
thint-cloaa carriages 19, the proportion in all cases being less 
than that which prevails on tbe English railways. 

On tbe Belgian milwnyB the average number of passengers 
carried by the first-cluBS carriages is 8J, by the second-olasa 13, 
and by the third-ckas 16J. 

On the Orlenns Riiilwuy, similar computations aliow that the 
number of pssaengerii iti each Rrst-cluss carriage is 7J^, and in 

rthe seconii and third-claaa carriages 3is. 
W« may therefore take generally, bb a good praotioal esfimate, 
^ not only for England but for foreign traffic, the loads given by 
|( Captain Huish, and aasurae tlint, io tbe practical worhing uf 
1 railways, 39 per, cent, of the capacity of the (irat-class carriages. 
I 52 percent, of ibe second-class, and 66 per cent' of the ibird- 
I HtlasB, oODslitute tbe average profitable load. 

k. Having delermioed the average loads of the respective classeB 
iK'sf carriages, and their average milenge, we cnn computo the 
'T number of carriages employed daily in exeoutiDg the traffic of 
the English railways. 

It hns been shown (p. 98) that, on an average, each lirst-cliiss 

^carriage travels 59 miles a day, and carries 7 pnasengers ; it 

' tlierefore executea a portion of the average daily mileage of the 

, first-class pBasengers, expressed by the number 7 X ^^ ^= 413. 

In like manner, it appears lUiit every second-class carriiig'u 

carries, on the average, 1 3 passengers, and travels on an average 

45 miles; it therefore executes a portion of the average daily 

mileage of the secoad-cloas passengers, expressed by the nam- 

ber 13 X 46 = 585. 

It furthornppears, that tbe third-clnsscarriagescurry an average 

f hMd of SI passengers, and travel an averuge distance of 3S miles; 
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they execute, therefore, a portion of the average daily mileage 
of the third-class passeogers, expressed by 38 x 21 = 798. 

We shall find, therefore, approximately, the number of the 
several classes of carriages employed in working the traffic of 
the English railways by dividing the average daily mileage of 
the several classes of passengers, as already given, by the num- 
bers here calculated. 

To obtain the number of the first-class carriages, divide 553,330 
(table, p. 155), the average daily mileage of the first-class pas- 
sengers, by 413, and we find 1340. In the same way, to find 
the namber of second-class carriages, divide 1,104,388, the 
daily mileage of the second-class passengers, by 585, and the 
quotient is 1888, the number of second-class carriages; and, to 
find the number of the third-class, divide 1,208,964, their average 
daily mileage, by 798, and the quotient, 1515, gives the number 
of third-class carriages. 

These approximate results, compared with those already ob- 
tained by a different process (p. Ill), will show that they can 
not be far from the truth. 



Fassencrer coaches, 1st class.............. .. 


By present 
Process. 


By former 
Process. 


1340 
1888 
1515 


L488 
2080 
1488 


•1 2d class ................ 


M 3d class ..... ---.---,-.. 





In general, if the passenger traffic of a railway be given or 
estimated, and it be required to determine the necessary carriage 
stock to work it, supposing the capacity of the carriages and the 
nature of the traffic the same as those which prevail on the 
English lines, the requisite number may be found as follows : 

To determine the requisite number of first-class carriages, 
divide the estimated daily mileage of the first-class passengers 
by 413, that of the second-class passengers by 585, and that of 
the third-class passengers by 798 ; the quotients will respectively 
give the necessary number of carriages of each class. 

In this calculation I have assumed that the carriages are 
similar to those which prevail generally on the English railways; 
the first class being built to accommodate 18, the second class 
25, and the third class 32. On railways constructed with a wide 
gauge this calculation will not be applicable. I have not been 
able to ascertain the average loads carried on these latter roads, 
which would require a separate computation. 

By comparing the mileage of the passenger traffic with that 
of the passenger engines, the number of passengers of each claM 
drnwn by etch engine or carried by each train can be ascertained. 
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As an example of this computation, I give the following results 
of computations derived from the official reJMrts of the railways 
therein mentioned. The number of passengers carri^drtft in each 
case ascertained by dividing the total mileage of the passengers 
by the total mileage of the engines. 



p • ■ ' . . .p ■ -, *, 

Tablk showingthe average Nualber ofPassengers of each Claas earned 
by each Fassenger Train dn the imder-mentioned S/ailways. 


Belgian railways, 1844. 
1st class .......... 


Avenf e dally 
Mileage of Pas- 
senger Engines. 


Average dally 
Mileage of 
Passengers 


Number of 

Passengers per 

Tmta. 


2843 

• • 


39,079 

68,874 

116.4i» 


13-79 
4100 


2d class .......... 


3d class .......... 


Belgian lines, 1845. 




223,846 


78-78,' . 


2575 

• * 

• * 


38,583 
68,167 ' 
100,666 


1500 
26-50 
3^-00 


2d class .......... 


3d cla^s .......... 


North of France, 1848. 

1st class ........-- 




207,416 


. 80-50 


3473 


29,566 

66,643 

114,139 ■ 


8-51 
19-18 
32-86 


2d class .......... 


3d class ^ ^^«... 






210,348 


60-55 



The results which appear above for the Notth of France in 
1848 afford a curious illustration of the local effect of the political 
convulsions of that year in ^France, the number of passengers ** 
carried being considerably below its normal amount. 

The reports published by the directors of the English rail- 
ways, and by the Gk>vernmeot Commissioners, supply no data 
from which general conclusions of this kind can be deduced. 
In a few instances, tba half-yearly reports presented to the 
■hareholden have given the mileage of the engines, and that of 
the passengers can be approximately obtained from a comjJari- 
son of the receipts with the average tariff. I have by these 
pieans calculated the following table, exhibiting the relation of 
the movement of the passenger traffic to that of the engines on 
the railways worked by the Northwestern, Great Western, and 
Brighton companies. The mileage of the engines of the North- - 
western Company during the twelve months endiog the 30th. 
June, 1849, was 4,649,556, according to a retura I hftve obtaiil^d - 
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from Captain Huish. Not haTing any distinct return for tbe 
half-year ending 3l8t December, 1848, I have taken half this 
number as representing the mileage, which can not vary much 
from the truth. 



Tabular Analysis ihowing the Relation between the Movement of the 
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Passengers, 1st class . . 


• • 


566,332 


33,840,867 


14-5 


«r< 


„ 3d class.. 


• • 


1,437,833 
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1»3 
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• * 

• • 
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14<J 


33-0 


Totals and averages 
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3,004,814 










Passengers, 1st class . . 


• • 


546,863 


31,339,187 


10-7 


390 


„ 9d class . . 


• • 


3,324,731 


48,939,369 


84-5 


92-0 


„ 3d class . . 


• * 

• • 


530,569 


19,713,603 


9-6 


37-3 


Totals and averages 
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89,993,148 
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37-3 
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10-3 
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Totals and averages 


3,707,001 


94,306,763 


43-8 


85-5 
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• • 


367,583 


10,750,878 


8-5 


40^ 


„ Sd class . . 


• • 


1,353,060 


87,301,737 


81-6 


81*8 


„ 3d class . . 


• • 

• • 


432,763 


14,733,130 


11-7 


340 


Totals and averages 
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June 30. 1840 
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333,807 


5,638,488 


148 


% 


„ 2d class . . 


• • 


483,503 


8,494,060 


31-4 


„ 3d class . . 


• • 


417,189 


7,334,160 


16-4 


18-8 


Totals and averages 


1,133,496 


81,460,738 


54-0 


19H> 
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On comparing the average distance^ traTeled with those fonod 
in the table (p. 158), it will be observed that some Slight dis- 
cordance prevails. This may be explained partly by the- circum- 
stance of the two tables referring to different epochs, and partly 
by their including different lines of railway.* 

If the average number of passengers carried by each class of 
passenger coaches were taken, the average composition of the 
trains, so far as relates to the passenger coaches, could be de- 
termined from the above results. Qaptain Huish, in his return 
already quoted,, estimates, that on the Northwestern Railway, 
the number of first-class passengers carried by each coach is 7 ; 
the number of second-class passengers, 13; and the number of 
third-class passengers, 21. If the same estimate be taken as 
applicable to the Brighton Railway, in which the carriages are 
of the same magnitude, we shall obtain the foUowing as the 
numbers of 6ach class of carriages composing an average train : 



Average namber of pasfenger coaches 
contained in each train. 

1st class ........................ 


Northwestern 
Railway. 


Brighton RaU- 
way. 


207 
1-46 
0-70 


S-00 
1-61 
0*88 


2d class -..._..........--....... 


3d class .... 





It must be observed that the actual composition of the trains, 
both as regards passengers and passenger coaches, differs from 
this average, inasmuch as third-class passengers and third-class 
coaches are excluded from first-class trains ; so that the actuid 
number of first-class passengers taken in first-class trains, ai|d 
of third-class passengers taken in third-class trains, will be 
greater than the above average estimates ; and th« same will be 
true of the coaches. 

It must be further observed, that these conclusions rest upon 
the estimate of the average loads of the passenger coaches made 
by Captain Huish. This estimate has been made, I believe, 
from general observation, and not from any exact statistical 
record of the mileage : but it is, nevertheless, Supposed to be 
tolerably correct. 

It has been already observed, that horses and carriages are 
usnally carried by passenger trains. 

* The Great Western, as given in the table, p. 158, does not in- 
elude the South Devon. , 
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To complete the analysis, therefore, of the passenger traffic, 
we ought to show how the proportion of these objects of trans- 
port respectively is estimated and compared with the movement 
of the carrying and drawing-stock. 

The mileage of the horses and carriages transported is re- 
corded in the booking-office in the same manner as that of the 
passengers. By comparing the mileage of the horses with the 
mileage of the horse-boxes, we are enabled to calculate the 
average load transported by each horse-box ; and, in the same 
way, by comparing the mileage of the carriage-trucks with the 
mileage of the carriages, we are enabled to determinel;he aver- 
age load taken by each carriage- truck. 

I have given, as an example of this, the transport of horses 
anid carriages on the Belgian railways in 1844 : 

Analysis of Transport of Horses on the Belgian Railways in 1844. 

Number of horses 1,434 . 

Mileage of horses 156,079 

Mileage of horse-boxes 93,208 

Average number carried per horse-box 1*67 

Average distance traveled per horse 109*00 

Analysis of Transport of Carriages on the same Railways in 1844. 

Number of carriages. i 2,546 

Mileage of carrieiges 229,161 

Mileage of carriage-truoks 310,700 

Number of carriages per truck 0*22 

Average distance traveled per Carriage 90' 00 

To estimate justly the degree of accommodation afforded to 
the public by the railways, it is necessary to consider the fre- 
quency of departures, and the speed of transit. How often per 
day a man of business has an opportunity of starting for a given 
place, and within what time he can be taken there, are the first 
questions which every one will ask whose time is of value. The 
traveler for pleasure can choose his hour of departure ; the man 
of business must depart at those times which are most compati- 
ble with his engagements ; and In reference to that class the 
fi^quency of departure is, perhaps, even more important than 
the speed of transport. 

The railways, accordingly, afford greater advantages, as com- 
pared with the former means of transport by stage-coaches, by 
frequency of departure, than even by their increased speed. 
If we take the common table of arrivals and departures on any 
of the great lines of railway, we shall easily obtain proof of this. 
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We find that from the LoDdan stations of the princtpal railways 
there are departures daily as follows : Great Western, 15 ; 
Southwestern, 17 ; Brighton, 8 ; Southeastern, 7 ; and North- 
western, 20. 

The actual time requisite to travel between any two points of 
a line of railway, does not depend so much on the speed of the 
train when in motion as is generally supposed; nor is there so 
much difference between the velocity of the first-class trains and 
that of the slowest, when in full speed, as may be imagined. 
The comparative celerity with which the traveling is executed 
depends more upon the number of stations at which the train 
stops, than on its actual speed when in motion. 

A railway passenger train having a gross weight of 70 tons, 
when in full speed at'40 miles an hour, can not be stopped, as 
may easily be understood, very suddenly. It must be deprived 
of its enormous momentum by slow degrees. In proportion as 
it is suddenly stopped will thidre be damage done bot]» to the 
rolling stock and the permanent way. 

From the moment that the steam is cut off, and that the speed 
begins to be slackened, either by the ordinary friction and resist- 
ance of the air, or by the aid of brakes, the momentum which is 
lost is spent upon the permanent way ; and the shorter the space 
over which it is expended, the more severe will be the action 
upon the rails. It is therefore a matter of economy, with re- 
gard to the wear of the permanent way, not to attempt to stop 
the trains within too short a distance. In all cases, stoppage 
produces a considerable wear and tear of the rails ; and hence it 
arises, that the rails which are adjacent to stations, and espe- 
cially to chief stations where trains of all classes stop, are sub- 
ject to much more rapid wear than are the rail? elsewhere upon 
the road. 

The distance within which a train can be conveniently stopped 
Without acting injuriously on the rails will depend on the velocity 
of the train and its weight. In any case, its average velocity 
over that part of the line along which it passes, after cutting off 
the steam until it comes to rest, will be only half its full speed. 

Thus, if a train moving at 40 miles an hour cut off its steam at 
half a mile from a station, that half mile will be run over at the 
rate of only 20 miles an hour ; and the same will be true of the 
space run by every train after its steam is cut off, whatever may 
have been its speed. 

It is calculated that, in this manner, a train loses upon an 
average about 1| minutes in coming td rest at each stoppage ; 
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and since an equal time is lost in getting up phe speed at start- 
ing, it may be stated generally that there is a loss of 2^ minutes 
in stopping and starting ; and, if an e^qual time be allowed for 
standing, we shall have an average of five minutes* delay for each 
station at which a train stops. 

The celerity of the fastest trains on the railways is accord- 
ingly obtained by causing them to stop only at a few principal 
stations ; and other trains of varying speed are accordingly so 
regulated, that the slower trains alone stop at all the stations. 

In respect to their average speed, the railway trains may be 
resolved into four classes : 

1st. The express trains. 

2d. The mail trains. 

3d. The first and second-class trams. 

4th. The third-class trains. 

As B^ example of the progress of these, different ^classes of 
trains, we have exhibited, in the following table (see page 177), 
the distances they travel on some of the principal main lines of 
railway diverging from London ; the total time they take to com- 
plete the trip ; the number of their stoppages ; their average 
speed, stoppages included ; and their average speed when in 
motion. 

The subject of passenger traffic ought not to be dismissed 
without some notice of the extraordinary speed at which it is 
conducted, and the consequences of this expedition. The pub- 
lic has become so familiar with the announcement of such or 
such a trip being performed with a speed of 50 or 60 miles an 
hour, that people have ceased to reflect upon what the locomo> 
tive phenomenon really is, which they so flippantly advert to. 

The average speeds from station to station, given in the above 
table, are taken from the published time-tables of the companies, 
and are estimated on certain average conditions ; but the actual 
speed which is frequently attained by the express trains in 
motion, often greatly exceeds even the highest given in these 
tables. Thus, a speed of 60 miles an hour is far from being 
uncommon when in full motion, and I have myself not unfre- 
quently been carried, in experimental trips, at the rate of above 
70 miles an hour. 

Let us endeavor to convey to the unpracticed reader some 
definite idea of this enormous speed of locomotion. 

Seventy m,iles an hour is, in round numbers, 105 feet per. 
second ; tliat is to say, j& mptioa in virtue of which the passeo- 
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Tabular Analysis of the Movement of the Passenger Traffic on the 
principal Lines of Hailway divei^ng from London, showing the aver- 
age Speed, Stoppages, &.c. of each Class of Trains. — ^N. B . An average 
Loss of Five Minutes is allowed for each Stoppage, except m particu- 
lar Cases, where a greater Delay is fited by the Programme. This is 
intended to indiide the Time lost in coming to Rest and getting np 
Speed. . ' . ' 


' i ^ 

NaoiB of Baihnqr. 


Tiaia. 


il 


Time. 


lTo.of 
Stop- 


Avfrage 
Speed, in- 

-cloding 
Stoppages. 


Actual 

Speed in 

Motion, 

excluding 

Stoppage*. 


London to Liverpool 

»» »» 
»» »» 

M »t. 

London to Exeter . . 
i» i» • • 

»» w •• 
i» n • • 

London tp Seuth- 
amptoa 


■•■ 
Bxpress . • • • • 
Express Mail. 

Mail.: 

1st and 2d cl. 

3d class 

Express 

Mail ^.. 

1st and 2d cl. 
3d class 

Express . . . . ^ 

Mail 

1st and 2d cl. 

3d class 

Express 

Mail. 

island 2d cl, 

3d class 

Express ..... 

Jfllaii .... ... 

1st and 2d cl. 
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Mitti. 
20] 

201: 

201 

901 

201 

I93i 

193i 

193: 

1^ 

80 
80 
80 
80 

88 
88 
88 
88 
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7 57 
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13 5 

2 15 

3 
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4 45 
230 
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345 
4 

1 30 
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2 
925 
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15 
15 
SO 
45 

7 
21 
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S7 

6 

11 

13 

18 

8 

5 

15 

17 

1 

3 

3 

11 
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Hour. 
35<00 
29-75 
25-25 
25-10 
13-65 
43-00 
27-00 
96-65 
14-75 

35-60 
26-65 
24-10 
16-85 
35-20 
35 90 
23-45 
22-00 
33-80 
33-80 
25-25 
90-65 


MOetptr* 
Hour. 

37-75 
36-60 
31-00 
31-70 
1825 
51-60 
36-80 
38-60 
19-32 

45-80 
38 25 
35-50 
24-65 
48-50 
42-10 
99-35 
30-40 
95-85 
40^50 
2890 
33-80 


n » 

London to Dover . . . 
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»» »» • • • 
»» ♦» • • • 

London and Brighton 

»» i» 

»» n 
n n 

Totals and averagei 


2652 


108 42 


301 


94-45 


32iM) 

■ 





ger is carried over 35 yards between two beats of a common 
clock. Two objects near him, a yard asunder, pass by his eye 
in the thirty-fifth part of a second ; and, if 35 stakes were erect- 
ed at the side of the road, a yard asunder, these 35 would pass 
his eye between two beats of a common clock, and it is scarcely 
necessary to say that they would not be distinguishable* the 
retina not being capable of receiving distinct successive impres- 
sions in so minute a fraction of time. If the stakes had any 
strong color, such as red, they would have the appearance of a 
continuous flash of red color. At such a speed, therefore, the 
objects on the side of the road are undistinguishable. 

When two trains having this speed pass each other* the rel- 
ative velocity will be double that, or 70 yards per second ; and 
if one of the trains were 70 yards long, it would flash by in ^ 
single second. 
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It will be somewhat curious to investigate the movement of 
the mechanism of the engine, which produces this extraordinary 
speed. 

Let us suppose that the driving-wheels of the engine are 
abou^ 7 feet in diameter, and, consequently, that they measure 
a little more than 21 feet, or 7 yards, in circumference. These 
wheels would revolve five times in passing over 35 yards of ^e 
rails; and as this space is, on the supposition we have made, 
passed over in one second, these driving-wheels mast, neces- 
sarily, at such a speed, revolve five times per second. Now, to 
produce one revolution of the driving-wheels, each piston must 
ODce pass backward and forward in the cylinder, and its motion, 
therefore, must divide a second into ten equal parts. On ar- 
riving at each end of the cylinder, at the moment it is about to 
change the direction of its motion, and to return, a valve must 
be shifted by which steam may be admitted on one siSe of the 
piston and withdrawn from the other side. This valve must 
therefore also be moved ten times per second, and must com- 
plete its motion so rapidly as to form but a small fraction of the 
entire stroke of the piston, and therefore its motion must be 
computed by a small fraction of the tenth part of a second, and 
this must be done with the utmost punctuality and uniformity, 
otherwise the action of the piston could not be continued* The 
cylinder discharges its contents through the escape valve every 
time that the piston changes its direction, and consequently this 
discharge must take place, under the circumstances here sup- 
posed, ten times per second. 

But there are two cylinders, and the mechanism is so regu- 
lated that the discharge from the one is intermediate between 
two successive discharges from the other. There ard therefore 
20 discharges of steam per second, at equal intervals ; and thus 
these 20 pufls divide a second into 20 equal parts, each puff 
having the twentieth of a second between it and that which 
precedes or follows it. The steam which thus pufis from the 
cylinders is conveyed by a pipe to the chimney, where it escapes 
upward in a succession of blasts, by which the draft through the 
fire-place is maintained. It is these blasts of steam in the chim- 
ney which produce the coughing noise heard when a locomo- 
tive engine is moving slowly. As the rapidity augments, these 
coughs become more rapid, and when the speed attains the 
amount which we have supposed above, there will be 20 coughs 
per second. The ear, like the eye, is limited in the rapidity^f 
the sensations of which it is susceptible, alkd, active and seDsi- 
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tive as that organ is, it is Dot capable of distiDgni^hing sounds 
which succeed each other at intervals of the twentieth part of a 
second ; therefore, when the engine moves at such a rate, the 
puffing in the chirane^r ceases to be appreciated by the ear, 
although, as a mechanical effect, it continues to be produced as 
accurately and regularly as when the engine is moving slowly. 

According to the experiments of Dr. Hutton^ it appeared that 
the time of flight of a cannon-ball, having a range of 6,700 feet, 
is one quarter of a minute. 

The velocity was therefore 26,800 feet per minute, which is 
equal to 5 miles per minute, or 300 mi1e» per hour. 

It follows, therefore, that a railway train, moving at 75 miles 
an hour, not an uncommon speed for express trains to attain, 
would have a velocity only 4 times less than a cannon-ball. 

The momentum of such a mass, moving at such a speed, is 
difficult to conceive. It would amount to a force equivalent to 
the aggregate force of a number of cannon-balls equal to one 
fourth of its own weight. 

IHie consideration of the great damage done to the tailway, 
as well as to the rolling stock, by these extreme speeds, is a 
serious drawback to the gratification which such wondrous ])er- 
formances naturally excite. The fracture and wear of rails is 
augmented in a very high ratio with the speed; so likewiseis 
the wear of all parts of the vehicles most affected, such as 
wheels, axles, &c. 

I have shown that, at the speed we have here considered, a 
driving-wheel, 7 feet in diameter, revolves 5 times per second ; 
but the bearing-wheels of carriages, wagons, and vans are in 
general only 3 feet in diameter, and sometimes even less. 
Now, if a wheel of 7 feet in diameter revolve 6 times per sec- 
ond, a wheel 3 feet in diameter, proceeding at the same speed, 
must revolve very nearly 12 miles per second. 

This, therefore, is the action which must take place upon all 
the wheels of the vehicles composing each express train. 

The expense attending such extreme speed is not, however, 
limited to the cost which attends the trains themselves to which 
this motion is imparted. The whole traffic of the road is more 
or less affected by it. All other trains must be hurried forward 
to get out of the way of the express train, or detained in sidings 
to wait for its passage. 

From these causes goods trains, which need not and ought 
not to move at a speed of more than 16 or 18, are frequently 
compelled to be driven at 30 miles an hour and upward. 
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Their average speed is made up by undue speed when iu mo- 
tion, for the time lost waiting in sidipgs for the progress of 
express trains. 

The damage done to the road bj these causes is not merely 
that which arises from %he undue speed which must occasionally 
be given to heavy goods trains ; great damage is also done by 
the freqaent stoppages of such trains. When they are stopped, 
their momentum must be spent upon the rails ; Und when they 
are put in motion afterward, and momentum imparted to them, 
the reaction produced by their driving-wheels on the rails is 
another cause of most injurious wear and tear. 

Railway directors and nuinagers are deeply senBible of the 
great damage sustained by the property under their care in con- 
sequence of these circumstances, and frequent murmurs and 
remonstrances are heard upon the subject. The public, how- 
ever, appear to be too exigent to be successfully resisted. I 
have no doubt, from long and careful practical investigations into 
the effects produced by the action of engines and carriages on 
railways, that the damt^ge sustained directly and indirectly by 
railway proprietors in consequence of express, trains moving at 
this extraordinary speed, is far greater than any profits deriv- 
able from such trains can cover; and I have no hesitation in 
saying, that, considered in a commercial point of view, railway 
proprietors would be fully justified, either in laying a much 
higher rate of fare upon express trains, or, which would be 
much more advisable and more consistent with their own inter- 
ests, suppressing them altogether. 

The injurious effects proceeding from these causes would 
have been considerably less, if in the original construction of 
railways sufficient width had been left in the bridges, tunnels, 
and other works of art, for an additional line of rails. If this 
additional line of rails had been reserved for the exclusive use 
of the merchandise traffic, and the third-class passenger trains, 
with proper sidings, the main line, which new performs the 
entire work of the railway, being reserved for the fast passen- 
ger traffic, less inconvenience and injury Would have arisen to 
the railway property, and much more expedition, ponctualityt 
and safety have been insured to the traveling public. 

We must not dismiss the subject of express trains without 
noticing the danger of which they are productive. In railway 
traffic the entire stream of transport ought to proceed as much 
as possible with an uniform speed, so that one part should be 
not liable to overtake another. The greater the difTerence of 
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Telocity of the different objects 6f transport, moviDg^ in the same 
direction, and on the same rails, the greater is the danger of 
collision; and the consequences of collision are dangerous in. the ' 
exact proportion of the difference of velocities of the bodies 
lYhtch strike each other. These causes of danger and injury 
are augmented to the highest conceivable degree by the express 
trains. These trains move with an enormous and exceptional 
speed. Collision beconies inevitable unless a warning be Btnap. 
along the line to clear the way» Nor is it always practicable, 
even with the- warning, to avert it. 

An engine attached to a goods train, for es^unple, becoraefe 
lamed between two stations. It is necessary to send on to the 
adjacent station for help, and notice must be sent back to stop 
the following train. This notice may in general be rendered 
effectual to trains moving at ordinary speeds, but an express 
train, moving at the usual rate of such trains, can not safely 
pull up except within a considerable distance. The chances, 
therefore, of an express train running into a disabled train upon 
the road are very considerable. 

The use of the electric telegraph diminishes this danger ; 
but to give notice by the telegraph a message must be sent to 
the nearest station, which may be at a considerable distance. 

It is not without regret that one would discourage the ardor 
for improvement produced by wholesome competition ; but it is 
indispensably necessary to regulate our progress with discretion, 
and it must not be forgotten that the safety of the public is not 
less to be considered than expedition of traveling. 

The public, in general, concerns itself very little with the 
question of safety. The traveler who desires to reach a dis- 
tant point with speed, is seldom so W9II informed as to be 
enabled to appreciate the degree of danger which must attend 
the attainment of his object; and it is necessary that those 
who have the control and management of railways, and who 
alone are competent to appreciate the danger, should resist 
this tendency in the public, which would impel the conductors 
of railways into a course attended with serious damage ^nd ' 
loss to railway proprietors, and with no small danger to the 
traveling public. 



CHAPTER XL 

GOODS TRAFFIC. 

The traosport of merchandise is the branch of railway busi- 
ness on the due improvement and cultivation of which the 
ultimate and durable success of these Vast enterprises, and the 
extent of their public utility, will mainly depend : yet it is a 
branch which has been hitherto comparatively neglected. The 
brilliant and unexpected results of the business in passenger 
traffic have not unnaturally dazzled the public, and engrossed 
the attention of proprietors, directors, and managers. Nothing 
has been neglected which could contribute to the extension of 
this branch of transport, and it may even bo questioned whether 
the great expenses which have been entailed on railway estab- 
lishments in affording the unexampled accommodation of ex- 
treme speed and frequency of departure have been or can be 
adequately repaid by any practicable extension of the traffic. 

The transport of goods, though presenting. less striking phe- 
nomena, is attended with not less benefit to the country, and 
may soon, if duly cultivated, become the source of even more 
permanent and extensive profits to the railway establishments. 
But to realize these, it will be necessary that this branch of the 
business should receive a more profound study on the part of 
railway managers than has hitherto been bestowed upon it. 
The transport of goods is subject to more various and difficult 
conditions than that of passengers. If frequency of departure 
and extreme speed are not so imperatively demanded for it, 
the accommodation of the tariff, so as to render the transport 
compatible with the commercial conditions of 'the local markets, 
is a subject out of which arise numerous and difficult questions 
for solution ; and on the solution of these questions, and on the 
due regulation and graduation of the goods tariff, will depend 
altogether the extent and the success of this important branch 
of railway business. 

The official reports of the railway commissioners and direct- 
ors, meagre and unsatisfactory as they are with reference to 
the passenger ti*affic, are much more so relative to the traffic in 
merchandise. If we have not all the necessary detaifs of the 
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passenger traffic, we are at least informed of the Dumber of 
each class booked, the gross receipts, and the average tariff, 
supplying data by which we have been enabled ;t6 approximate 
to those statistical details relating to the transport which ought 
to have been supplied by direct and accurate records. We are 
not able, however, to do even this with reference tq the goods 
traffic. The reports in general supply no information relative 
to this branch of railway business, except the receipts, and even 
these are given in a lumped^ sum, in whic|i is included the 
revenue which proceeds from a variety 6f objects not properly 
included under the head of merchandise, such as mails^ parcels, 
private carriages, &c. 

To supply a complete analysis of the goods business, it would 
be necessary to possess the following data. 

1st. The quantity of each class of goods booked, T. 

2dly. Their mileage, ^ -■ 

3dly. The number and description of vehicles employed in 
their transport, W. 

4th. The mileage of these vehicles, lo. 

By comparing the first and second, we should obtain the 
average distance which each unit of each class of traffic is 
carried. This would be done by dividing the number ex- 
pressed by tj or the mileage, by the number expressed by 
t 
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By comparmg the second with the fourth we should obtain 
the average load carried by each vehicle. This would bQ done 
by dividing the number expressed by t by the number expressed 

«'y«'--(i)- 

By comparing the third and fourth, we should obtain the 
average distance run by each vehicle of transport. This 
would be done by dividing the number expressed by w by the 

number expressed by W: — (wj* ^' , 

In this way, all the circumstances attending the movement 
of each cla^s of goods traffic could be inferred from simple and 
clear data, which might be easily recorded. 

It would be necessary to classify the merchandise, first, ac- 
cording to the description of vehicle in which it is transported ; 
and, secondly, according to its tarifif. 

Special vehicles are appropriated to different descriptions of 
goods, as has been already explained ; and, in order to ascertain 
the cost of the transport of each class of goods, it wouM bo 



184 



RAILWAY ECONOMY. 



[Chap. XI. 



necessary to keep a second mileage account not only of each 
class of traffic, but of each class of vehicle appropriated to its 
transport. The average load carried by each vehicle woul^ be 
determined by a comparison of these mileages ; and upon this 
average load would depend, as will be explained hereafter, the 
cost of the transport. 

No general data of this kind, or any other data from which 
they can' be inferred, are supplied in the railway reports. 
Reports somewhat more detailed, however, appeared in the 
returns published by, the railway commissioners for the two 
years ending June 30, 1846, and June 30, 1847 ; Ji)ut, owing 
to the discrepancies which appear in the returns of different 
companies, and to the different senses in which they .use the 
same terms, it is extremely difficult to deduce any general 
inferences from them. I have, however, computed from these 
returns the quantity of goods and live stock, and their total 
mileage, for the twelve months ending June 30, 1847, which 
are exhibited in the foilwing table : 



Tabular Analysis of the daantity of Gkx>ds and Live Stock Traffic on 
the Railvirays of the United Kingdom for Twelve Months ending Jane 
30, 1847. 


* • 

Merchandise 

Cattle 

Sibeep ..— 

l^igs and Calves....... 


Denomination. 


Quantity or Namber. 


Mileage. 


Tons. 

Namber. 

Do. 

Do. 


16,460,599 

584,287 

2,509,529 

615,214 

t 


370,138,271 
17,692,210 
82,096,451 
34,242,281 



From this we can infer the average daily mileage, the aver- 
age distance over which each unit of transport was carried, 
and the average number of such units daily hooked. These 
are exhibited in the following table : 



Tabular Analysis of the daily Traffic in Gbods, and of the ]>iaCatiee 
carried on the Railways of the United Kingdom for Twelve Mttiiltis 
ending June 30, 1847. 


Merchandise tons 

Cattle number 

Sheep „ 

Pigs and calves.... . „ 


Averase Number 

of Unlu booked 

daily. 


Average 

daily 
Mileage. 


Average Distance 

traveled per Unit 

booked. 


45,097 
1,600 
6,875 
1,^85 


1,014,077 

48,471 

224,922 

93,813 


Miles, 
22-5 
30-3 
32-7 






^r 
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J^a-rosnlt of this table will be as unexpected as were those 
dbtaioed by analogous calculations with respect to the passen- 
ger traffic. The average distauce through which merchandise 
was transported, 22^ miles, is much less than might have been 
expected, or than would have taken place under the operation 
of a properly graduated tariff. It is evident from this^ that the 
tariff is prohibitory for a greater average distance than about 
20 miles. It WQuld be interesting, if we possessed the requisite 
data, to ^ppiy a like investigation to the various classes of 
merchandise, so as to ascertain what classes are transported to 
the greatest distances ; but tbe reports supply us with no data 
for this purpose. 

It is curious, alse, that the pigs and calves are transported to 
an average distance so much greater than the cattle and sheep. 
As we have already observed with respect to the traffic in pas- 
sengers, the average distances which the goods were transport- 
ed is found to vary, within very wide limits, on different lines 
of railway. I give, in the following table, the results of a cal- 
culation made upon the returns for eleven different railways, 
for the twelve months ending June 30, 1847, showing the average 
distances which each ton of goods was.transported on the several 
lines therein mentioned in that year. 



Tabular Analysis of the average Distances which each Ton of Qoods 
was transported on the under-mentioned Kailways, daring the Twelve 
Months ending Jane 30, 1847. 


Name of Railway. 


Tons of 
Ooods. ' 


Total Mileage. 


Average 

Distance 

carried 

per Ton. 


London and Northwestern ..._--..--- 


1,411,080 
371,327 

1,195,177 
156,930 
236,463 
83,364 
254,038 
148,415 

1,847,689 
446,181 
597,262 

9,712,673 


. 98,428,462 

19,007,395 

37,626,074 

3,354,325 

12,493,632 

3,172,898 

8,809,052 

7,023,005 

29,436,800 

12,134,231 

17,974,432 

120,687,965 


69-75 

51-18 

31-48 

21-37 

52-9 

38-10 

34-69 

47-39 

15-97 

97-19 

30-09 

12-32 


Great "Western . . 


Midland 

London, Brighton, and Soatb Coast... 
LoTiHon and Cambridge^ ^^. 


T,nndon ft"d f^l^'hpptcr 


Bristol and Birnjinfrham 


London and Soath western . 


Ynrfc and Nft^^^castle ... .^ - 


York and North Midland 


L ancashire and Yorkshire ^ 


All the remaining lines... . 


Totals and averages 


16,460,599 


370,138,271 


22-50 



Although we possess no data by which we can ascertain the 
quantity of goods booked for any period of long, duration,, nor 
even any dir^dc record of the mileage of the goods traffic, we 
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can nevertheless approximate to the latter by combining an ap- 
proximate estimate of the receipts with the average tariff per 
ton per mile. By subducting the estimated revenue proceeding 
from mails, parcels, carriages, and horses, from the gross totals 
given in the official returns for them and the goods, we obtain 
approximate estimates of the revenue proceeding from goods. 
It appears also that, the average tariff being takisn at 1-67 d. per 
ton per mile, the annual and average daily mileage of the goods 
for the six years and a half ending Dec, 1848, was as follows: 



Tabular Analysis of the Goods Traffic on the Railway of the United j 
Kingdom daring the Six Years and a Half ending Dec. 31, 1848. 



Twelve mcmths ending Jane 30, 1843. 

: 1844. 

1845. 

1846. 

1847. 

1848. 
Six months ending December 30, 1848. 



ft 
» 

>» 
If 



^Total Mileage. 



161,865,276 
185,339,340 
262,600,039 
338,674,622 
409,392,412 
530,983,310 
309,118,238 



Average'dally 
Mileage. 



443,466 

507,477 

719,452 

927,876 

1,121,623 

1,454,749 

1,693,798 



Not possessing any return of the quantity of goods booked, 
we are unable to ascertain the average distances over which 
each ton was transported in each successive year. 

The comparative rates of increase of the passenger and goods 
traffic for the last six years and a half are exhibited* in the fol- 
lowing table : 



Table showing the comparative Rates at which the average daily 
Traffic in Passengers and Gqods has augmented on the Railways of 


the United Kingdom daring the Six Years and a Half ending Decem- 


ber 31, 1848. 




Tot&I Increase on th« 


Increased Percentam 

on the vienua da Jy 

Mileage of 184^,3. 




average daily Hileace 




of 1842,3. 


Pattengert. 


Good$. 


Putttttgtrt, 


QwhU. 


Twelve montht ending Jane 30, 1844 


183.974 


64,011 


11-8 


14-4 


1845 


«)6,946 


275,986 


14-0 


6^3 


1846 


1,148,918 


484,410 


211 


1091 


1847 


1,170,106 


678,057 


21-3 


ISS'O 


1848 


1,449,556 


1,011,283 


34-0 


2280 


Six months ending December 31, 1848 


1,831,294 


1,250,332 


27-7 


282-0 



The results of this table are perhaps more striking than any 
of the various calculations which we have hitherto deduced 
from the statistical data of railways. It appears from these, 
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that while the passenger traffic, during the period of six years and 
a half previous to Dec. 31, 1848, iporeased scarcely 28 per cent., 
the goods traffic was augmented 282 per cent, the increase in 
the traffic of raerchandise being thus tenfold that of passengers. 

It will be also observed, that in the year 1847, compared with 
1846, while no increase took place on the passenger traffic, there 
was an increase of 44 per cent, on the goods traffic. 

If a proper record had been kept of the mileage of the various 
classes of the goods-carrying stock, we should have been able, 
by a comparison of this with the mileage of the goods themselves, 
to infer vnth accuracy the average amount of useful load carried 
by each class of vehicle ; but no tueh mileage having been ob- 
served or recorded, we are forced to accept the best estimates, 
rough and approximate as they are, which can be obtained. 

It has been already observed that Capt. Huish, by extensive 
observations made on the goods traffic of the Northwestern 
Railway, has found that the average loads of the goods Wagons 
which arriye at and depart from the chief station of that railway 
is 2i tolas. If, in the absence of more accurate returns, we 
adopt this as the general estimate of the average loads of the 
goods wagons, we can deduce their average mileage by dividing 
the mileage of the goods themselves by 2i. 

It appears also, as we have shown in Chap. VI., from the 
report of Capt. Huish, that the average number of wagons 
forming a goods train on the Northwestern lines of railway is 
26. But it is probable, from the very active traffic of these 
lines, that this is above the general average. We shall therefore 
take the average number of wagons composing a goods train, 
upon the average of all the English railways, at 22. 

In the following table I have exhibited the mileage of the 
goods- carrying stock and that of the goods engines, calculating 
each approximately in this manner : 



Tabular Analysis showing the Total daily Mileage of the Goods 
Wagons and of the Goods Engines on the English Railways for Six 
Years and a Half ending December 31, 1848. 


Twelve months ending The 30, 1843.. _. 

1844.... 

„ 1845.... 

1846.... 

„ „ 1847 

1848 

Six months ending December 31, 1848 


Total daily 

Mileage of 

Goods Wagons. 


Total daily 

Mil eagre of 

Goods Engines. 


197,096 
255,544 
. 319,7.'56 
412,388 
498,500 
646,556 
752,796 


8,959 
11,615 
14,535 
18,745 
22,659 
29,389 
34,218 
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Thus it appears that the distances traveled daily bj the goods 
trains on the English railways during the last six months of 1848. 
amounted to nearly once and a half the circumference of the 
globe. 

It will' be interesting to cpmpare this enormous amount of 
transport of merchandise, as executed by steam ou railways, 
with the amount of horse power which would be necessary to 
perform the same service, were it practicable, by wagons and 
common roads. 

The experience of carriers shows that in wagon transport, a 
horse must be allowed for each ton of goods transported, and 
that with this power a wagon may travel about 20 miles a day. 
The number of horses, therefore, requisite to execute a given 
traffic, will be found by dividing the daily mileage of the tons 
of goods by 20. Taking, therefore, the daily mileage of the 
goods for the six months ending 31st December, 1848, we find 
that to execute it by horse power in wagons, with a speed of 
about 3 miles an hour, would require the employment of 84,689 
horses. 

Let us now compare the progressive increase of the goods 
traffic with the progressive development of the railways during 
the last seven years, in the same manner as we have done with 
rotation to the passenger traffic in the last chapter* 

In the following table I have given, in the second column, as 
before, the length of railway which was under traffic in . each 
successive year; and, in the third column, the average number 
of tons of goods per mile transported upon it, the numbers in 
this column being obtained by dividing the total mileage of the 
goods by the number of miles of railway open. 



Tabular Comparison of the progressive Development of the Railways 


of the United Kingdom and of the Movement of Goods upon them 


daring the Six Years and a Half ending December 31, 1848. 






Number 


li 






Miles 


of Tons 


1^ 


to 


Twelve months ending June 30, 1843 ... 


open. 


carried 
per Mile. 


II 




1857 


238 


• m 




1844... 


1952 


260 


9-25 


m m 


„ ^ 1845... 


2148 


335 


28-80 


. . 


1846 ... 


2441 


381 


13-75 


• m 


1847... 


3036 


370 




2-90 


ft 11 lo4o... 


3816 


382 


3-25 


.. 


Six months ending December 31, 1846 ... 


5007 


338 


-- 


11-50 
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The goods traffic, -therefope, in common with the passeDger 
traffic, has failed to keep pace with the de?e1opment of the 
railways. It appears by table p. 167, that the passenger 
traffic per mile continued to increase until June, 1846, but a 
decrease was rnanifested in the year ending June, 1847. The 
same result is obtained on the goods. In the case of the goods, 
however, there was again a relative increase in the twelve 
months ending June, 1848, while there was a considerable 
decrease in the same year in the relative amount of passenger 
traffic. 

On the whole, then, it follows that neither the traffic in 
passengers nor goods has kept pace with the development of 
the railways, but that the relative falling off in the passenger 
business has been greater than that of the goods; while the 
absolute increase of the amount of goods business, without ref- 
erence to the length of railway open, has been tenfold that of 
passenger business. 

To give a complete analysis of the traffic, whether in passen- 
gers or in goods, on any system of railways, it is not enough, 
however useful it Ynay be in itself, to give general averages, 
either in reference to a given period of time, as a year, or in 
reference to the entire extent of the line or lines. The tra^ 
is not only distributed unequally with relation to time, but alsa 
with relation to space. The quantity executed in different 
months is diQerent, and the quantity carried on different seo^ 
tions of the line still more so. Complete returns would supply 
us with data by whi<;h we could exhibit the variation in the 
quantity of traffic at different epochs, and on different sections 
of the line ; but none of the returns published by the English 
railways, which are accessible to us, supply the means of doing 
this. As I have often had occasion to observe, the reports of 
foreign railways are much more ample and explicit; and illus- 
trations of the variation to which the traffic is subject, in pas- 
sengers and goods, in the different months of the year, and upon 
the different sections of the lines on some foreign railways, will 
be found in succeeding chapters. 

The statistical reports of the railway commissioners for 1847 
are, however, sufficiently ample to enable us to deduce from 
them the average daily mileage of the goods traffic on several 
of the principal railways, so as to afford some degree of com- 
parison of the relative prevalence of the traffic in merchandise 
on different parts of the network of railways which overspread 
the country. In the following table I have given, m the first 
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colamD, the length of the railways open, therein named ; in the 
second, the average daily mileage of the tons of goods carried 
upon them ; and in the third, the average quantity per mile on 
each line of railway. 



I 



Tabular Analysis showing the average daily Mileage of Tons of Goods, 
and the average Nnmber of Tons canried daily per Mile, on the under- 
mentioned Rulways daring the Twelve Months ending June 30, 1847. 



London and Nordtwettem ... ....... 

Great Western ,... 

Midland 

London, Brighton, and Soath Coast 

London and Cambridge > Eastern Counties 
London and Colchester J v^—m^jb 

Bristol and Birmingham* 

London and Southwestern 

York and Newcastle 

York and North Midland ^ 

Lancashire and Yorkshire 

All the remaining lines ,... 







Average 


Number 


Average 


Number of 


of MUes 


daily 


Tons car- 


open. 


Mileage. 


ried daily 
per Mile. 


428 


269,639 


631 


S45 


52,075 


212 


283 


103,085 


364 


135 


9,187 


68 


182 


42,919 


235 


85 . 


24,132 


283 


190 


19,241 


101 


229 


80,651 


352 


175 


33,244 


190 


108 


49,240 


456 


978 


330,650 


338 



From this table it follows, as might have been expected, that 
the proportion of traffic in goods to the length of the lines open 
is extremely variable ; on the London and Brighton the traffic 
being at the rate of only 68 tpns per mile, while on the Londoa 
and Northwestern it is 6^1. 

The immense activity of the traffic on the English railways, 
and the extent to which it affords employment to industry, may 
be in some degree calculated from the following statement of 
the number and class of persons in the employment ef one com- 
pany alone, the Northwestern : 

Secretaries ^ ••.••..... 2 

General manager 1 

Superintendents # .V. . 3 

Resident engineers 2 

Clerks r 966 

Police constables » 701 

Engineers and stokers 738 

Porters 3,054 

Artificers ^. 3,347 

Laborers «... 1,452 

10,266 , 
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The number of horses employed in the local delivery of goods 
is 612, and the nnmber (ff vans 256. 

This, hewever, is independent of jthe goods establishments of 
Messra. Pickford and Chaplin, the former of whom employed 
nearly 800 clerks and porters, 400 horses, and upward of 150 
vehicles. 

This company possesses 438 miles of railway, apd supplies 
the locomotive power for about 200 miles more. It. therefore 
employs about 23 persons per mile of its own lines. 



CHAPTER XIT. 

TEfE EXPENSES. 



The tendency of the progress of the artsJs to render the cost 
of production more and more independent of the quantity of the 
article produced. In the infancy of industry the application of 
labor is simple, and the quantity of production is always in the 
exact ratio of the labor itself. The knitter who produces in 
ten hours a pair of stockings, with the consumption of a certain 
weight of tl^read, will produce two pair of stockings in twenty 
hours, with the consumption of double the^ quantity of thread ; 
three pair in thirty hours, with the consumption of three times 
the quantity of thread, and so on ; and the cost of the stockings 
produced, representing the wages of the labor and the cost of 
the raw material, will be in the exact proportion of these, and 
will, consequently, be in the direct ratio of the number of pairs 
which have been made. Thus three pairs will cost precisely 
three times, ten pairs ten times, and one hundred pairs que 
hundred times as much as one pair, and so on. 

But as the art improves, and the demand for stockings becomes 
more extensive, invention is stimulated, and a machine is con- 
trived and constructed, by which the labor of the knitter is ex- 
changed for that of the weaver, and the number of pairs of 
stockings which can be produced by the same expenditure of 
labor is largely multiplied. Their cost, therefore, so far as de- 
pends on the consumption of labor, is proportionally diminished. 
But this advantage is purchased by a large expenditure, prepara- 
tory to the fabrication, in the construction and purchase of the 
stocking-loom. By this loom many hundreds of thousands of pairs 
of stockings will be fabricated ; and the cost of the loom, being 
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divided among so enormous a number of articles, almost Tanishes 
from the price of any single one. 

Another step in the progress of inventioo supersedes the weaver 
himself. A power- loom is invented, by which the process of 
weaving is completed, independently of manual labor, by an 
engine deriving its motion directly from some physical agent, 
such as steam or water. 

As another striking example of this principle, we may refer 
to the book now in the hand of the reader. 

In the infancy of literature books were multiplied by copyists, 
and their cost was in the exact proportion of their number. One 
liundred copies of a book like this would have cost precisely one 
hundred times the price at which a single copy could be procured. 
Movable types were invented, and now a larger amount of pre- 
paratory labor and machinery is employed, before the production 
of even a single copy can take place ; but when the types are 
set and the printing-press ready to work, five hundred or one 
thousand copies can be produced at a law expense than would 
previously have been incurred in the production of a single copy. 

The ultimate point of perfection to which this progress tends, 
is to render the cost of production of each individual article 
precisely in the inverse proportion of the quantity produced. 
This is, however, a limit to which it is probable improvement 
can never actually attain; and the cost of production of the 
objects of industry, at present, may always be regarded ai con- 
sisting of two parts, one of which is quite independent of the 
number of articles produced, and being, therefore, equally divided 
among them, will render one element of thcfir price precisely in 
the inverse ratio of the number; but still there will be another 
component, which, depending on the direct application of manual 
or other labor, and on the immediate consumption of raw material, 
will be in the direct ratio of the number of articles produced. 
The greater the perfection to which art attains, the greater 
will be the former and the less the latter part of the cost. In 
the case of the power-loom above mentioned, the second element 
of price is reduced to the cost of the raw material, labor being 
very nearly if not altogether superseded. 

These principles are illustrated in a striking manner by the 
improvements which have taken place in transport within the 
last century. 

Before the construction of roads, the transport of persons and 
goods on pack-horses was a simple application of labor, aqd the 
cost of transport was in the direct ratio of the quantity. BcMids 
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were then constructed, ^nd wheel-carriages employed. By the 
preparatory cost thas incurred, transport vrofi so facilitated, that 
the same labor was enabled toaecoropHsha multiplied quantity 
of it. The cost of the roads and the improved carriages being 
divided among the increased -quantity^ of tmnsport, g^ve an ele- 
ment of its cost, which was inversely as its quantity; but still 
the labor of traction remained simple, and was in the direct 
ratio of the qurantity of locomotion effected. 

A further improvement produced the^ railway and the loco- 
motive engine. Here an expense of an immense amountis in- 
curred before a single object can be transported. Extensive 
IkiQfl 'of road, attended by works of^art of prodigious magnitude 
and cost, are formed. Large buildings are provided for -stations, 
and, in fine, a stock of engines and carriages is fabricated. _A11 
these expenses are incurred preparatory to locomotion, and 
must be divided among the quantity of transport executed. Ia< 
deed, the mere labor or. expenditure of mechanical power nec- 
essary to transport the objects of traffic from point.to point al.ong 
the road forms the most insignificant item of the entire cost; 
and this item- alone is in the direct proportion of the quantity of 
transport. 

We should not, therefore, be far from the truth, if we stated 
that this great improvement in the art has reduced the cost of 
transport in a ratio which is very nearly the inverse of the quan-' 
tity of transport executed. . - 

When the question was agitated which led to the establish- 
ment of the uniform system of postage, the public -was startled 
by the paradox that the transmission of a letter or disfiatch 
was attended with the same cost, whether it were expedited 
ten miles or five hundred* 

Nevertheless it was demonstrated, by the plainest principles . 
of arithmetic, that the difference of expense was a sum so utter- 
ly evanescent in amount, as to confer practical truth on the pnn* 
ciple on which tho establishment of a uniform rate of postage 
was claimed. In a word, it was made manifest that the cost of 
transmission of letters was practically independent of the. dis- 
tance to which they were conveyed. . Z ^ , 

If any one should maintain that the same principle equally pre- 
vails in railway transport, he would certainly co(nmit an error; 
but any one who should affirm that such a principle had no appli- 
cation at all iuthis case, would commit a scarcely less grave one. 

The transmission of letters and dispatches differs from the 
transmission of persons and goods only in the weight of the 

I .- 
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objects cnrried. Id the one case and in the other there is a 
part of the cost attending the transniission, which is quite inde- 
pen(}ent of the expenses of transport properly so called, limiting 
the term transport to the mere locomotion or traaslatioii of the 
person or object from place to place. 

Now, in the case of letters, the part of the expense which is in- 
dependent of the mere cost of conveyance, bears so immense a pro- 
portion to the whole, that the latter may be, wholly disregarded. 

In the case of the transport of persons and goods this is not 
so, but nevertheless, even in this case, there is an item of the 
expenses which has no reference to the cost of locoaiotioD, 
and which is therefore the same whether the person or thing 
transported be carried ten miles or five hundred miles. This 
item of expense, to whatever it may be related, is therefore 
independent of the distance, and is chargeable equally on objects 
transmitted to great or small distances. 

An analysis of the past expenses of a railway may have two 
objects — retrospective and prospective. 

Considered retrospectively, its purpose can only be the adjust- 
ment of accounts, an object which has no relation to oar present 
purpose. 

Considered prospectively, such an analynia hai the moat im- 
portant purposes. 

1st. It supplies the grounds of an estimate of iiitare expenses. 

2d. It supplies the basis of a future tariff. 

To obtain an estimate of the fhture expenses of a railway is 
easy, provided the expenses of past years, properly classified, he 
known. If the circumstances of the traffic remain the same, 
the expenses must necessarily also remain unaltered; and the 
actual amount expended in the past year may be transferred un- 
changed into the estimate of the coming year. 

But if the circumstances of the traffic, or the extent of line 
to be worked, be changed, then modifications must be made in 
the estimates for each branch of the service, in accordance with 
the anticipated change in the traffic- 
But the analysis required for the second purpose above men- 
tioned, to supply the basis of a tariff, must be one pf a much 
more elaborate and a very different sort. For this purpose it 
will not be sufficient to be informed of the gross sums expended 
under the usual heads of expenditure, such as direction and 
management, way and works, locomotive power, 6cc, It will 
be necessary to ascertain, with some degree of precision, the 
expanse which has attended in past years the transport of each 
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class of trafl^Ct such expenses being obviously Jkbe first eMdition 
upon which a tariff can be based. - 

It is easy to uodAritand that a tariff may be conatmcted so as 
to prodoce a gross amount of receipts. greater than the gross 
amoQDt of expenses, end thus on the whole to yield an annual 
profit to the enterprise ; and yet that such tariff may be one 
most unjust toward those who employ the railway, and most 
disadvantageous to those who own it. It is not enough that the 
tariff produce, on the whole, an annual balance in j^vor of the 
railway. It is indispensable tiiat such a balance should be pro- 
duced independently on each class of objects transported. Thus 
it is quite conceir&ble that the total, receipts qiay exceed the 
expenses, while the receipts arising from any gae or two classes 
of objects of transpoit may fall considerably short of the expenses 
attendtng.these branches. In such a case the profit realised by 
the railway would result from a balance of profit and loss, of tha 
profit on one class of transport more than obliterating the loss 
on another. 

Such a result would arise either from the exaction of a tariff; 
in which scune objects would be overtaxedi.vhile others would 
be underrated, pr by the railway undertaking to transport objects 
incapable of bearing the exp^^nses of carriage. 

It is clear, therefore, that, to obtain from the investigation of 
the past expenses the conditions which ought to determine a 
future tariff, it is necessary, not only to classify the expenses 
under the usual heads already mentioned, but to dissect each 
branch of expenditure, so as to ascertain the share which each 
class of traffic has had in producing it. 

Although it may be true that, in the formation of a tariff, it 
may not be expedient in all cases to exact from the various ob- 
jects of traffic the same proportion of profit, yet it may be af- 
firmed, that it never can be right, as a permaoeot measure, to 
transport any object of traffic at a loss. Now, how can it be 
known whether a railway transpprt this or that class of traffic 
at a loss, or not, unless the proportion of expenses caused by 
such class of traffic is known 1 

Again, the gross profits of a railway, like all other commer- 
cial enterprises, being made up of a large aggregate of small 
profits, it will happen that the amount of .the gross profits may 
be increased by the diminution of the small profits. Thus, for 
example, the total profits derivable from passengers may be 
greatly augmented by diminishing the profit derivable on each 
single passenger. Th<|^re is a certain point at which the profit 
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per passenger may be fixed, i o asv to afford a itnaximam of 
aggregate profit. Above that point, though the profit per pas- 
se oger will be augmented, the aggregate profit will be dimin- 
ished, because the number of passengers carried will be dimin- 
ished in a greater ratio than the profit per passenger is aug- 
mented. Below that point, on the other hand, the profit per 
passenger will be diminished in a greater ratio than the num- 
ber of passengers carried is augmented, and there will be 
again a diminution of the aggregate profits. The skill of the 
administration is evinced by so adjusting the tariff as to hit this 
nice point; but how can such an adjustment be effected, unless it 
be previously known what the transport of eacli passenger costs? 

Like observations will be applicable to every other class of 
objects transported ; and it is evidently indispensable to the 
good management of- a railway establishment that those who 
direct it should be in possession of a clear knowledge of the 
actual cost of the transport of each class of trafiic. 

But it may be objected, that this knowledge can only- be pos- 
sessed for past years, and that for these it is a matter of difii- 
cult and intricate calculation. It may be further objected, that, 
even when obtained, it does not follow that the cost of such trans- 
port for coming years will be the same as for past years, since 
the change in the quantity and proportion of the various classes 
of traffic may change the cost of their respective transport. 

This is true ; but it is also certain that the knowledge de- 
rived from an accurate analysis of the past experience of rail- 
way trafiic supplies means of approximation more or less close 
to the cost of the future transport. In short, such data enable 
the managers of a railway to make an estimate of tl^e cost of the 
traffic for each successive year sufiKciently accurate for practical 
guidance, and certainly accurate enough to prevent the estab- 
lishment of a tariff which would produce the irregularitieB and 
inequalities above referred to. , 

But these, important as they are, form but a small part of the 
advantages resulting from an accurate analysis of the expenses. 
Such an analysis alone will supply the data necessary for all 
ameliorations in the oi^anization of the management of the 
traffic. For example, if it be desired te ascertain whether it 
be advantageous to attract increased traffic to the railway, by 
multiplying the departures or increasing the number of trains, 
a question of a delicate and difficult nathre arises. By multi- 
plying the departures, though the traffic will be augmented, 
the load drawn by each engine will diminish as woll as the 
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load borne by each vehicle. The proportion of the profitable 
to the dead weight will be dimininhed^ pot only as regards the 
engine, but also as regards the vehicles of transport. 

By diminishing, on the other hand, the^ number of departures, 
the quantity of traffic carried will be diminished; but the quan- 
tity drawn by each engine, and borne by each vehicle of trans- 
port, will be augmented. On 'the one side, a gain is obtained 
by the increased amount of traffic; on the other, a gain is ob- 
tained by the increased ratio^of the profitable load to the dead 
weight. Between these two a balance must be ascertained. 
The point must be established at which the multiplication or 
the diminution of thejtrains ought to stop. Now this can not 
be accomplished unless those who have the control of the rail- 
way are in a condition to say what the cost of each object of 
traffic is when the trains are multiplied, and wl^at the reduced 
cost is when they, are diminished. In one case, the gain will 
be found by. subducting the increased cost of the diminished 
Joads of the more numerous trains from the augmented results . 
of the increased traffic. In the other case, the profit will be 
estimated by subducting the diminished cost of the increased 
loads of Xhe less multiplied trains from the diminishe^d results 
of the lesser traffic. 

Such instances might be multiplied without end. 

The reader who has jiot been intimately conversant ifjtb rail- 
way affairs, will probably be startled at being told that, im- 
portant as such an investigation is, it has never been attempted 
by the managers of English railways. We are indebted, how- 
ever, to some foreign engineers ancL economists for inquiries on 
this subject. 

The Belgian railways, more especially, being organized and 
woriced by the government of that country, and the most minute 
details of their expenditure being made public, have supplied 
valuable data for such inquiry. M. Belpaire, one 6f the en- 
gineers connected with the department of public works, has 
made an investigation of this kiud, based upon the detailed ac- 
counts of the Belgian railways for 1844. This inquiry, which 
is full of valuable suggestions, has been published by order of 
the Belgian government. 

M. Jullien, of the Paris and Orleans Railway, has also p^b« 
lished a series of papers on the distribution of the expenses of 
a railway in the " Annales des Fonts et Chauss6es,'' and other 
periodicals. 7 . . 

M. Teisserenc, central con^missary of government in the 
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FroDch railway department; M. Prestat, railway comniissary 
of the French government; and M. Legoyt, of the statisticnl 
bureau of the Minister of the Interior of France, have severally 
contributed, in various essays, to this investigation ; but, so far 
as I am informed, nothing has been done or written in England 
on this subject. 

I have therefore thought it would be useful to devote a large 
space to the present analysis. 

The problem which I propose, then, for solution, is to ascer- 
tain the connection between the expenses incurred by a rail- 
way establishment and the services which such railway estab- 
lishment performs for the public; in other words, how much of 
such sum expended by the company ought to be defbited to thid 
or that object of traffic. 

The remoteness of several of the expenses from the services 
to which they are ultimately conducive, renders such an inquiry 
difficult, and the distribution of the expenses may be in some 
cases more or less arbitrary ; but still the problem admits of a 
solution sufficiently definite for practical purposes. 

If only one sort of objects were transported upon a railway, 
and all the units of that sort were transported over the same 
distance, and carried with the same speed, theq the distribution 
of the expenses among the traffic would have no di^culty^ how- 
ever complicated these expenses might be ; for we should only 
have to take them in the gross, and to divide their aggregate 
by the number of units of traffic transported. Such a division 
would be strictly and evidently applicable, inasmuch as pre- 
cisely the same service would have been performed toward each 
unit transported. 

But suppose that the objects transported, though all of the 
same kind, are carried over different distances, some being car- 
ried only one mile, and some a hundred. We have immediately 
a serious cause of difference of cost. It will presently appear 
that the cost of transporting an object a hundred miles is by no 
means one hundred times the cost of transporting an object one 
mile. In apportioning the expenses, therefore, it would be 
necessary to classify the objects according to the distances to 
which they are transported, and to charge the expenses upon 
them in a ratio to be determined by the influence which dif- 
ference of distance produces in the expenses of executing the 
transport. 

But let us next suppose that the objects transported^ though 
of the satne kind, require to be carried with diflferent speeds. 
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Id this case they must be again divided into classes, inasmuch 
as the cost of transport for the same distance augments with 
the speed. 

Let us further suppose that the ol]jects trai|sported ara oc4 
of the same kind^ and, consequently, that they require differeiit 
sorts of vehicles. Thus, suppose they consist of passengers and 
merchandise, all the merchandise, however, being still of the 
same kind, and all the passengers demanding the same accom- 
modation. It will then be necessary to. provide two Separate 
descriptions of carriage; one.adapted to the passengers, J^he 
other to the ^ods. The loads transported by these carriages 
will necessarily be different, and their transport wiU be attended 
with different expenses. 

In iiae, let us imagine that the passengers to be transported 
consist of different classes, requiring different accommodation : 
some demanding a luxurious carriage and a superabundapce of 
room, a few only being carried in each vehicle ; another class re- 
quiring less accommodation and less luxury, and being content 
to be stowed in greater number in each carriage ; and a third 
class being contented to be, crowded together in, a sort of covered 
van ; and even a fourth class demanding still less aecommodation. 

Add to this, that these various classes may demand different 
speeds, and require to be transported to Tory different average 
distances, and it will become apparent ho>w very different will 
be the expense which their transport will necessarily occasion 
to the enterprise of the railway. 

The same observations are applicable to the merchandisoy 
some species- of goods requiring to be carefully arranged in cov- 
ered vans, others promiscuously packed together, while others 
again, such as minerals and, the hke, may be thrown into open 
wagojis ; different species of merchandise requiring very dif- 
ferent vehicles, different care of trftnsport, and producing 
different expenses* 

Live stock presents another variety of transport, requiring 
another form of vehicle, and attended with another class ^nd 
degree of expense. 

The problem, then, which is presented for solution, is to de- 
termine the proportion according to which the compli6ated 
expenses of a railway establishment, many of which are so 
remote from these several services, that it is extremely difficult 
to institute any relation or connection between them, can be 
charged' respectively upon the various objects of transport. ^ 

The first step toward the solution of this problem will obvi- 
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ously be to make a classification of the expenses. The basis 
of such a classification is supplied by the analysis of railway 
business which has been developed in the preceding chapters. 
The expenses may then be classed as follows : 

1st. The general direction and management of the establisb- 
ment. 

3d. The maintenance of the ways and works. 

3d. The maintenance of the loconnotive power. 

4th. The carrying expenses. 

5th. The station expenses. 

Let us then consider successively how these several- classes 
of expenses are related to the service of transport^ 

But first, it may be observed in general, that the most im- 
mediate relation between the operation of transport and the 
machinery of a railway, is that which exists between the ob- 
ject transported and the vehicle which carries it. For each 
class of traffic there is a special vehicle. Thus there is a spe- 
cial class of vehicle appropriated to the first-class passengers, 
another to the second-class passengers, a third to the third- 
class passengers. Again, there is a special vehicle appropriated 
to the transport of horses ; another to the transport of private 
carriages. Vans are built, and internally constructed in a man- 
ner to be suitable for the transport of passengers* baggage; 
others are appropriated to the transport of parcels. 

In the goods department, in like manner, there are also vehicles 
of various forms, adapted to dififerent kinds of goods, and to live 
stock. 

The relation, then, between the object transported and the 
vehicle which carries it, being obvious and fixed, the connection 
of the expenses with the objects transported, taaay, in the first 
instance, be determined by investigating the share of the general 
expenses which is produced by the transport of these different 
classes of vehicles ; and when the cost of transporting any of 
such vehicles per mile is ascertained, this cost, can be easily 
distributed, by a simple arithmetical proportion^ between the 
average amount of the load it carries. 

Thus, if we know the cost of transporting a first-class carriage 
a mile, and if we also know the average number of -passengers 
carried by such carriage, then the charge per passenger per 
mile is the result of an operation of common arithq[ietic. 

We shall therefore consider, in the first instance, how and in 
what proportion each class of expenses is chargeable upon the 
different classes of vehicles. 
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. DIRECTION AND MANAGEMENT. - 

The department of the dh'ection and management in the or- 
ganization of a railway is the executive gofernnxent of the enter- 
prise, and has a common relation with all the branches of the 
service. Its special expenses, therefore, might. very properly 
be charged primarily upon those several branches in proportion 
to the gross amounts of their respective expenses; but it will 
be a more simple process, and in its ultimate effects not less 
equitable, to distribute these general expenses immediately 
among the traffic, by the me^ns already explained^ of the 
vehicles in which the traffic is transported. If, thed, we express 
the general expenses of direction by D, and the total mileage of 
all the vehicles of transporl of 6very kind by m, then 

D 

will express the^ share of ^he expenses of direction and manage* 
ment which will fall per mile on each vehicle. 

This share, .as has already been explained, most be subset 
quentiy divided among the average load of prpQtable traffic 
which each vehicle carries. 

The details of the expenses, which are uuderstood to be in-^ 
eluded under the direction and management, and expressed by 
D, are as follow : ^ 

Maintenance and repair of the offices and furniture of the 
general direction. 

Salaries of directors, managers, secretaries, clerks, and super- 
intendents, and wages of all inferior agents and servants em- 
ployed in the office of the general direction. 

Printing and advertising, stationery, and subscription to jour- 
nals for the use of the offices. 

Warming and lighting. . . 

Traveling expenses of directors, managers, secretaries, and, 
in general, of all the agents of the general direction. 

In the year 1844 these expenses, on the Belgian railways, 
were o£30,477,* and the, total mileage of all the vehicles of 
transport upon them was 171193,658^ miles. 

* It may be necessary testate here that the share of the expenses 
assigned to the several heads will not be found to correspond precisely 
with those given in the report of the Minister of Public Works, the 
items being appropriated, in the present analysis, according taftcii^er- 
ent principled. , . . >• 

I* 
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The charge per mile upon each vehicle for direetion and 
management is, therefore 

B ^' 
-- = 0-426. 

m 

It is desirable, but very diflficult, to derire prsctical illustrations 
of this calculation from the reports of the English railways, the 
meagre character of such documents never supplying, with any 
degree of accuracy, the necessary data. 

By the published report of the Northwestern Kailway, it 
appears that the annual expenses for direction and management 
have been about d£32,000. No account of the mileage of the 
carrying stock having been published, we can only estimate it 
by combining the mileage of the traffic, as given in Chapters X. 
and XL, with the estimated average loads of the several classes 
of vehicles. 

Captain Huish estimates the average loads of the passenger- 
coaches at 7 passengers for each (irst-elass carriage, 13 for each 
second-class carriage, 21 for each third-class carriage, and 2|- 
tons of goods per wagon. Assuming these estimates, and com- 
paring them with the total mileage of these several classes of 
traffic, we obtain the following as the mileage of the earrying 
stock on the Northwestern Railway for the. twelve mouths end- 
ing 30th June, 1847: 

Ist class passenger coaohes 8,033,049 

2d class passenger coaches r . . . 5,7!^5,41 1 

3d class passenger coaches 2,568,925 

Goods-wagons 43,745,98^ 

Total mileage of all the vehicles of transport , 60,073,368 

If the expenses of direction and management be taken at 
0632,000, we shall have 

B 32,000 0-000,533 =r 0.128. 

m 60,073,369 "^ . 

By comparing this result with that obtained from the Belgian 
railways, we have a striking example of the effects of a great 
amount of traffic on the cost of transport. In the case of the 
Belgian railways, the mileage of the vehicles of transport was 
only a little more than 17 millions ; while on the Northwestern 
Railway this mileage was 60 millions. 

While the proportion of the mileage of the vehicles of trans* 
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port wasj therefore, greater op the Northwestern Railway, in 
the ratio of -60 to 17, the expenses of direction^nd^raanftgement 
were greater only in the, proportion of 32 to 30; and we find, 
accordingly, that while the share of these expenses chargeable 
per mile on each.vehicle on the Belgian Hnes was nearly ^d,, 
the share chargeable on vehicles per mile on the Northwestern 
lines was less than id* 

In order te be enabled to-form an estimate of the cost of direc- 
tion and management of a projected railway, it woald he neces- 
sary to determine some relation between this elass^of expenses 
and some determinate element of the railway establishment. It 
has been proposed to express the expenses of direction and 
management by reference to the length of the line wt»rked, by 
stating it at so much per mile. Such a mode of estimation implies 
that every augmentation made in the length of the line worked 
would cause a proportionate increase in the expenses of direction 
and management. Thus, if the annual expenses of .ndnagement 
of a railway 150 miles in length be 6630,000, it would be implied 
that the same railway, having doubled its length, would require 
twice the number of superintending functionaries, with equal 
salaries, increasing the annual expense toS£60,000. 

This is evidently a fallacy. The increased length will add 
but little to the expense of management, certainly infinitely less 
than the proportion of the increase. 

It would be desirable, by comparing the expenses of manage* 
ment of the various railways in operation with their respective 
lengths, the mileage upon them, and other ele-ments of their ex- 
penses, to ascertain with which of these the expenses of direction 
have a determinate relation ; but, unfortunately, the-discrepancy 
which prevails in the manner in which the published accounts 
of the different railvvays are made up, precludes the possibility 
of such a comparison. The same general terms, used in differ- 
ent accounts, have different meanings, and as no details are 
given it is impossible to discover what items are understood to 
be included under the same nominal heads.' 

Thus direction and management, in the accounts of one rail- 
way, will inchide certain items of expense which, in the accounts 
of other railways, are transferred to other heads. 

This is one of the many reasons for introducing uniformity 
into railway accounts. Without such uniformity it will be im^ 
possible to compare, with any degi*ee of precision, the working 
of any one railway with the working of any other railway, or 
to draw general conclusions entitled to any degcee of confidence. 
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I find tbat not only the diflfereDt statemenCB of differoDt rail- 
ways vary fix)m each other in the signification attached to the 
saino terms, but even in succoMive half-yearly^ reports of the 
same railway, the same heads of expense do not include the 
same items. 

For all purposes of a general nature, such reports are utterly 
useless. 

The expenses of direction and management are probiEibly de- 
termined by the total amount of traffic, rather than by any other 
element in the working of a railway. They vary with the 
prosperity of the enterprise. When large dividends are de- 
clared, proprietors are disposed to be liberal to the superior 
class of functionaries ; the higher officers are more munificently 
paid, and their number less restricted. However, this branch 
of the expenses depends so much on local circumstances,, and on 
conditions so peculiar to each individual enterprise, that no gen- 
eral or constant relation between it and the other elQinoDtB of 
their organization probably exists. 

THE WAT AND WOR£S. 

The expenses of the maintenance of the way and works con- 
sist of two ])art8, distinct from each other, and depending on 
different causes. 

1st. Those which are appropriated to the repair of the wear 
and damage produced by time and the vicissitudes of 
weather, independently of all action of the traffic or use 
* of the road, properly speaking. 

2dly. Those which are appropriated to the repairs of the 
wear and damage produced by the action of the rolling 
stock and the traffic upon the road, independently of any 
effects of time or the vicissitudes of weather* 
In railway accounts generally, the stations, the d6p6t8 for 
carriages and engines, as well as workshops for the repair of 
the rolling stock, are included under this head of the maintenance 
of the way. It must, however, be clearly understood that they 
are here excluded, being assigned to other heads. The main- 
tenance of the stations, properly sb called, is carried to the 
account of the expenses of the stations ; the maintenance bf 
workshops for the repair of the vehicles of transport is brought 
to the account of the carrying department; and the niaintenance 
'>f the engine stables and shops is brought to the account of the 
-notive department. 
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The maipteaancoir of the wagr, therefore» must b& hefre under- 
stood to be limited to the Fepairsdf the road, an^ the works of ^ 
art upon it^nd accessory to it exdhisivelj. ( 

That portion of the expenses which is appropriated to the 
repairs of the c)a3S of damage and wear produced by time and - 
weather, independently of the action of the traffic, includes the 
repairs of the slopes, of cuttings and embankments, of the sab- 
strueture of the road, consisting of ballasting and drains, of the 
renewal of the sleepers, which perish only by time and weather, 
and are not affectod by the rolling stock ; also the repairs of 
bridges, tunnels,' and viaducts ; the repairs of gates and fences, 
and, in a word, of all the appendages and accessories of the 
road. 

The second head of expenses of the maintonance of the way, ^ 
which is altogether independent of time and weather^ and de- 
pending exclaaively on the traffic, includes the iron work of the 
road, comprising the rails, chairs, and fastenings. These owe 
their wear and deterioration entirely to the mechanical eflEect 
of the rolling stock upon them. ^ > 

The first class of these expenses consists of the following 
particulars: . . . , 

Ist. Repairs of the substrubturd of the road, and works of 
art. 

2dly. Salaries and wages of superintendents and the police 
of the road. 

3dly. Materials consumed in such repairs and superintend- 
ence. 

These expenses being iq dependent of the traffic, are, like 
those of the direction and management, related in common to 
all branches of the business of a railway, and may be, for the 
same reasons, primarily distributed among the vehicles of trans- 
port, in proportion to their mileage, and subsequently among 
the traffic which they carry. 

Let the total amount of these expeqsefrbe expre96ed.by W; 
we shall then have, in the same manner as in the case of the 
expenses of direction and management, the share xshargeable 
per mile on each vehicle of transport, which will be expressed 

by 

w 

On the Belgian railways the expenses designftted by /W 
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amounted in 1844 to i£68,348. The share of theee charges 
per mile on each vehicle was therefore 

W 68,348 ^' ««^ f" ^ 
— _. ! — 0-003975 =s 0-854 

m 17,193,658 

being very nearly Id. per mile on each vehicle. 

An examination of the annual expenses for the maintenance 
of the way on some of the railways^ might create an impression 
that the expenses which we have here affirmed to be independ- 
ent qf the traffic, have nevertheless some dependence upon it ; 
inasmuch as it would be found, by comparing these expenses 
for several years after a railway hss been opened, that they go 
on augmenting while the traffic also increases. We should, 
however, in this case be wrong in ascribing the One increase to 
the Other, as will be made manifest by comparing the expenses 
of maintenance with the traffic, after the road has been, a suf- 
ficient length of time in operation. It has been - already ex- 
plained, in Chap. III., that for a certain time after any railway 
has commenced work, the embankments are in a state of pro- 
gressive consolidation, which is accelerated under the pressure 
of the rolling stock. This produces a constant source of expense 
from the readjustment of the rails, and ballasting which it oc- 
casions. The slopes, also, until they are carpeted with vegeta- < 
tion, are more apt to slip, and all accidental defects in the road 
and works are devebped* 

These expenses, however, which are naturally enough brought 
to the current account of the maintenanee of the road, must, 
strictly speaking, be regarded as a part of the expenses of con- 
structing the road. . . 

A correct estimate of the current expenses of maintenance 
can only be obtained after the road has been a. efficient length 
of time in operation to have become permanently consolidated. 

From a comparison of half-yearly accounts of the Northwest- 
ern Railway, the annual expenses of the mainteUanee of the way 
appear to have been in round numbers (^75,000. 

Taking the mileage of the vehicles of transport' aa ahready 
given, we have then 

<£• 

W 75,000 f;^,„^ i\ 

— = -7: ^ ' »^^ = 0-00125 = 0-3. 
m 60,073,368 

We find here again an example of the diminishedf charge pro- 
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daced bj the ciroumstaDce of the traffic •being increased in a 
much larger ratio than the expenses. 

While the expenses of maintenance on the Northweatem 
Railway exceed those of the Belgian in the ratio of 75 to 68, the 
traffic estimated by the mileage of the vehicles on the North- 
western is greater than on the Belgian Unes, in the ratio of 60 
to 17. We accordingly find that while a charge of Id. per mile 
must be exacted from each'TehiclOf to pay the -expenses of 
maintenance on the Belgian lines, -^d, ar^ sufficient on the 
Northwestern Hnes* 

Let us now consider the second class of expenses of main 
tenance above mentionied, which de||>end on the Action of th^ 
traffic 

These consist of the wear of the rails, chairs, and sleepers, 
and may again be subdivided into two classes, in reference to the 
periods at which the necessity for expenditure arises* 

The action of the traffic produces fron^ time to time fracture 
and displacement of the rsila, chairs, and fastenings. ^ 

These repairs are made from year to year; but besides these, 
as has been already explained, in Chap. III., the action^ of the 
traffic produces a gradual abrasion of the rails, by which they lose 
weight slowly ^om year te yeat*, and in consequencis of which, 
at certain distant intervals, the entire iron- work of the road must 
be reconstructed* The expenses of this reconstruction are prq^,. 
vided for, as has been already explained, by an annual reserva^ ' 
fund, which constitutes, therefore, a part of the current eji^ 
peoses of the maintenance of the way. , 

The total expenses arising from the wear of the iron-work 
of the road by the rolling stock may be ascribed to the operation 
of three distinct agents : 

1st. The engines and tenders. 

2dly. The vehicles of transport. 

3dly. The load carried by each vehicle. 

An elaborate investigation, based upon an extensive series of 
experiments, has been made on the Belgian railways, with a 
view to ascertain the share which each of these agents has in 
producing the wear of the road. The result of this inquiry, 
which has been already referred to, in Chap. IV., is, that for 
every myriametre of distance run by the rolling stock, a wea^ 
was produced, occasidniog expenses at the following rates : , 

91 centimes for each engine and tender. . - 

l|- centime for each vehicle of transport. 
^ centime for each tott of load* ^ 
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It seems to have escaped the Dotice of the Belgian eogh^eers 
that these figures are almost exactly proportional to the weights 
of the objects which, produced the wear. , 

Thus, an engine and tender, with its complement of fuel and 
water, would weigh nearly 30 tons, and the average weight of 
a vehicle of transport would be about 3 tons. The above figures 
are in the ratio of 30, 3, and 1. If, then, A ton weight, placed 
in a vehicle of transport, produce a certain expense for wear and 
tear of rails, the vehicle itself weighing 3 tons will produce three 
times such expense, and the engine and tender, weighing about 
30 tons, will produce thirty times the same expense. 

The distribution, therefore, of these expenses, which has oc* 
casioned so elaborate an investigation, is, as might naturally have 
been expected, determined by the proportionate, weights of the 
objects producing the. WQar. 

It was found by the result of the Belgmn experiments, that 
about one*sixth of the total annual expense for the maintenance 
and repair of the road represented that portion which was due 
to the fracture of rails, chairs, bnd pins. 

Let the share of the expenses of the maintenance of the iron- 
work of the road due to the operation of the engine and tender, 
taken collectively, be expressed by W'. 

Let the share of these expenses due to the vehicles of trans- 
port, taken- collectively, be expressed by W. 

Let the remainder of thesQ expenses, whicjii is due to the 
operation of the loads carried by the vehicle's of transport, taken 
collectively, be expressed by W'". - 

^ Let the average weight of the engine and tender, with their 
water and fuel,%e expressed by a. 

Let the average weight of a vehicle of transport, without its 
load, be expressed by a'. 

Let the expenses of repairing the wear and tear of the raifs 
produced by one ton weight rolled upon them be expressed by x. 

it will follow then^ from what has been stated, that if we mul- 
tiply the average weight of an engine and tender, a, by the total 
mileage of the engines, which has been already expressed by e 
for the passenger engines, and e' for the goods engines, we shall 
obtain the number of tons carried one mile, which are equivalent 
to the weight and mileage of the engine taken togetherv If this, 
then, be multiplied by ar, the expense of the repairs of the w6ar 
produced by one ton rolled*ODe mile, we shall have 

W = a: a (« -f «') ; 
that is to say, the total expenses of thd repairs doe to the aetiotr 
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of thQ engines and tenders will be equivalent to the cost bf the 
wear of one ton rolled one mile, multiplied by the product of the 
average we^ght of the engine and tender by their mileage. 

In the same mannerrapd for the same reasons, if the product 
of the average weight a* of a vehicle of transport, and the total 
mileage m of such vehicle, be multiplied by a?, we shidl obtain 
a product which will be equal to ^" ; so that 

W" = a: X A' X ni* ~ • , 

Finally, if t express the total mileage of the tons of load car- 
ried by the vel^icles of transport, we shall have 

W'" = rX<: 

in other words, the expenses of repairing the wear produced by 
one ton carried oUe mile, multiplied by the total mileage of the load, 
w^ll be equal to the total share of the expenses due to the loads. 
By adding together the formulae obtained above for the three 
partff of the expense of the repurs of ndls due to the engines, 
carriages, and loads, we obtain the following: 

W + W" + W'" = a: X a X (« + c')+4r X a' y,m-\-x%U 

Now, by this formula it appears that if the total cost of the 
repairs be known, and also the weights ^nd mileage of the 
engines, vehicles of transport, and load, Vfe can, by a simple 
arithmetical calculation, obtain the expense, 2r, representing the 
wear produceil by one ton passing over one mile of the road. 
This is obtained by dividing the suni of the expenses, W, W^', 
and W^ by the three products obtained above, which are com- 
bined with X as a common multiplier. . ^ 

This process gives the following formulae ':.:[* - 

_ w^ + w^ + w^^^ 

"" a -X (^ + «') + <^' X m + « * 

As a practical illustration of Such a calculatioB we will take, as 
before, the reports of the Belgian railways for X844. In that year 
the total estinuited Wear of the rails was ^63966 ; bo that we have 

W + W>' + tV'" = 3966. 

It has been already shown that 

« + «' =± l,Si84,532, 
1h =17>193,668, " . 

t =33,106,141, ^ 

a = 3(V 
of =3. 
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By Bnbstituting tbeae munb'era ^r the corresponding lettenh 
we obtain - 

Si d. 

ar = 0-00003 = 0-0072. 

Tbis istherefoxe the expeniEw^^^ of repasr per mile {Nroduced by 
a ton weight of load. 

The expense per mile produced by an empty vehicle of trans- 
port will tiierefore he. ^ 

a' = 3 X 0-0000 = 0-00009 =;= 0-0216. 

In like manner, the expeasea per milei repjcesefitiog t^wear 
produced by an ongiae and tender w^lrbe 

a = 30 X 0-00003 = 0-0009 = 0-216^. 

By substituting the above values of x^ a, a\ e^ e',in, and U in the 
above formulae, we Jnd 

W =68,348 
W = 1,426 
W" = 1,547 
W'= 993 



W + W\+ W" + W" = 72,314 

Thus we see that the entire' expenses ef the maintenance of 
the road under the regular operation of the trapsport is re- 
solved into four items, expressed respectively by 

the first, W, being that whicji includes thie expenses of the 
entire staff of engineers, artisans^ and laborers employed in 
maintaining the way and works, in repaking the slepes, em- 
bankments, and cuttings,^ and the wear proj^uced by time an4 
the vicissitudes of weather, on the works of' art and on the sub- 
structure of the road ; the second, W', being thai; portion of the 
expenses produced by the locomotive engines and their tenders 
alone, not including that part of the action of these machines 
which is caused by the load which they draw ; the third, W'^ 
that which is produced by tbd vehicles of transp<n*t, including 
the increased wear of the kMsomotive engine, which is th^ con- 
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sequence^f drawing them; and, finally, W^'\ being the in- 
creased expense due to the wear of the rails protjuced by the 
weight of the traffic itself, added tq that of* the carriages, aug- 
iDeoting also the action of the engine nn th^ road. 

The first ef these, W, ki obviously common to all the traffi/c, 
and equally chargeable upon all the vehicles in which it is borne, 
according to their mileage. Expressing, therefore, the total 
mileage of all the Vehicles of transport by m, the charge per 
mile on each yehicle for this part of the maintenance of the 

W 
way and works, will be — 

m: ■ , 

The second, W, must be brought to the account of the loco- 
motive power, and charged in common with it upon the traffic. 

The third, W^ must be brought to the account of carrying 
stock, and distributed with the expenses of these upon th^ 
traffic. 

The fourth, W', is a direct charge upon the traffic in ttie^ 
ratio of its weight and mileage. 

We shall revert to these severally hereafter. 



THE LOCOMOTIVE FOWEK* 

The expenses of the locomotive power may be classed as 
follows: 

1. The repairs of the locomotive engines and tenders. 

2. Salaries and wages of engine-drivers, stokers, and other 

itgents, employed in cleaning and tending the locomotive 
engines and tenders. 

3. Materials consumed, such as grease, oil, coke, water. 

4. That part of th6 maintenance of the way which has been 

expressed by W. 

Let us suppose that all the engines and tenders used in the 
service of the railway are moved over the road through the 
same distance as that through which they are moved* in actually 
working the traffic, but that they are so moved unaccompanied 
by any vehicle or object of transport; and Tet the expense of 
this movement be estimated. Let thi^ expense, with at) the 
other charges of the locomotive stock enumerated above, be ex- 
pressed by L. 

Let us now suppose that the various vehicles in which the 
transport is carried are attached to the locomotives, but that 
they are empty ; and let the locomotives be imagined to draw 
these empty vehicles over the same length of the line as that 
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over which they are drawn in actqaUy convejing the traffic. 
Au increased expense of locomotive power will thus be pro' 
duced, arising fron) the increased power exerted. by the loco- 
motives in consequence of the resistance of the vehicles which 
they draw. This increased power will be represented by the 
augmented consumption of fuel, oil, and grease, land the ang- 
roonted wear and tear of those parts of the engines which are 
immediately affected by the resistance. Let this addition to 
the expense of the locomotive power be expressed by L'. 

Finally, let us suppose that the various objects of transport 
carried upon the road are placed in their respective vehicles and 
drawn by the engines. A further expenditure of locomotive 
power will now take place, caused by the increased resistance 
to the tractive power produced by the increased weight drawn, 
and this increased resistance will cause an increased consump- 
tion of fuel, grease, and oil, and an increased wear and tear of 
those parts of the engine which react against the resistance. 
Let this increase of the expenditure of the locomotive power 
be expressed by L'^ 

Thus we see that the total amount of the expenses of the 
locomotive power consists of three items, which we have ex- 
pressed by 

L, L', and L". 

The part of the expenses expressed by L' is to be brought to 
the account of the carrying expenses. 

The part expressed by h" is to be charged directly on the 
objects of transport. 

The expenses expressed by L are primarily chargeable on 
the mileage of all the engines. Let, therefore, the total mile- 
age of the engines be found. We have expressed this in former 
chapters by e for the passenger engines, and e' for the goods 
engines. Thus e-\- e' will express this total mileage ; and if 
the expenses, L, be divided by this total mileage, we shall 
have 

L 

expressing the share of the expenses chargeable per mile upon 
each engine. 

This charge is now to be transferred to and distributed among 
the vehicles drawn by such engine ; and here a further ckssifi- 
cation becomes necessary, inasmuch as the average number of 



Crmp. XILJ THJB EjtPBNSBS. 213 
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vehicles drawn by the passeoger engioes is difTereot from the 

average bum/ber of vehicles drawn by the goods engines. 

We must then find first the portion of the expenses expressed 

by L, which is chargeable to each class of engines, and then we 

mnst' distribnte these charges respectively among the mileage 

of the vehicles which these engines draw. 

L ■ 

Since ^ , is the expense per mile of each engine, we shall 

find the total expense of the passenger engines by multiplying 
this by their mileage e, and the total expense of the goods en- 
gines by multiplying the same' by the mileage of the latter, ^. 
The total charge, therefore, upon the passenger engines will 
be expressed by 

e + er' 

and the total expenses chargeable npoii the goods engines will 
be expressed by 

« + e' ' 

Let us now express the total mijeage of alt the vehicles drawn 
by passenger engines by m', and the total mileage of all the ve- 
hicles drawn by goods engines by m". We shall find the charge 
per mile on each vehicle drawn by passenger engines by dividing 
the total expense of the passenger engines by'm', and the total 
expense chargeable per mile on each vehicle drawn by the goods 
engines by dividing the total expenses of these latter engines 
by m". 

It therefore follows that the expenses chargeable per mile on 
the vehicle? drawn by passenger engines is 

he 

and that the expenses per mile chargeable upon each vehicle 
drawn by goods engines is ^-^^ 

he' 

This charge must be divided among the traffic carried by these 
vehicles respectively, in a manner and proportion which will be 
explained hereafter. 

There is another mode by which the cost of the locomotive 
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power may be distribnted among the vehiclef ot-traiuport, which 
will, in some cases, be more conveniently applicable than that 
which has just been explain^. 

Let us suppose that the average number of vehicles which is 
drawn by each class of engine is ascertained, and let the average 
number drawn by passenger engines be expreiised by n', and the 
average number drawn by goods engines be expressed by n". 

Now it is evident that we shall distribute the expeoses of the 
passenger engines among the vehicle! they, draw simply by 
dividing the expense of the engines per mile by the number of 
vehicles they draw. Thus it follows that the charge per mile 
for locomotive oower On each vehicle composing a passenger 
train would be. 

L 

n' (« + cO * 

And, in the same manner, the charge for locomotive power on 
each vehicle drawn by the goods engine, 



n" (c + e') 

It is necessary, however, to observe here, that in general the 
number of vehicles drawn by the eujgines respectively, here 
expressed by n' and n"^ can only be obtained with accuracy by 
first taking the mileage of the engines, and then the mileage 
of the vehicles they draw, and dividing the latter by the former. 

In estimating the performance of a projected railway, however, 
it sometimes happens that the probable average number of car- 
riages to be drawn by each engine may be obtained without 
previously estimating the mileage of the vehicles of transport. 
In such case the latter method of calculation may be used, and 
will be the most simple. 

The expenses expressed by L consist of three items, which 
it is important to consider separately. 

1st. The actual cost of working the engines, when moving on 
the road ; which cost is in the direct proportion of their 
mileage. 

2d. The expenses of cleaning, lighting, and raising the steam 
of the engine preparatory to its work. 

3d. The cost of keeping the engine standing with its steam 
up, either waiting for its work, or being maintained in 
reserve to meet the contingencies of the road. 
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I»et us call the expense of working an eagioe per. miAe I. Th»o 
the total expenses of working the engines will be ifoand by.mol- 
tiplying this expense, I, by the total mileage of the engines. The 
total expense of the engines while actually working will thereforef 
be expressed by 

Let us express the expense of cleaning, lighting, and raising 
the steam of an engine preparatory to work b^ Z', and let the 
number of engines cleaned and lighted be expressed by E'^ as 
in Chap. V. 

The total expense t)f cleaning, lightings and steaming will then 
be expressed by ' ' ^ 

V E''. 

Finally, let the cost per hour of keeping an engine standing 
with its steam up without work be expressed by l'\ and let the 
number of hours which engineB have been kept sending be ex« 
pressed by S. The total expenses of the engines while stand- 
ing will therefore be expressed by 

I" S. 

Hence it follows that the total expenses, expressed in the 
preceding paragraph by L, will be equal to the aggregate of the 
three expenses which have been just explained. In otheir 
words, we shall have 

tz:zl{e + e') + l' E" + Z" S. 

The expenses chargeable per mile for each engine Will then 
be found by dividing the above-total b^ the mileage, e + e^ which 
will give 

L , Z' E" , Z" S 



c + e' e-\-e* e+ef 

It appears from this that the cost per mile for driving a train ^ 
consists of three parts, two of whicii are in the inverse propoi^-' 
tion of the total mileage of the^^ngines, and, consequently, that 
the greater the proportion which this total mileage shail bear to 
the cost of cleaning, lighting, and steaming the engines, and to 
the cost of keeping them standing, the less will be these two 
parts of the expense. 

As an example of the practical application of this, we shall 
take the Belgian railways foi' 1844. In that year the expenses 



<<■■■. 
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of the locomotWe power, which we htve expressed by L, 
amounted to c£63,454, and consisted of the foUowing items : 

Cost of working locomotive engines ' 50,044 

Cost of lighting, raising steam, and putting them in train 9,688 
Cost while standing with steam up * 3,722 



63,454 

Hence we have Z X (^ + ^0 = ^9044{. ; and since e + «' 
= 1,584,532, we shall obtain the cost per mile of working each 
engine: thus, 

, 50,044 ^\^ 

1,584,632 

In like manner we have V X £'' =s 9,6882. 

By dividing this, therefore, by the number of engines which 
were lighted and steamed, and which was 23,021, we shall ob- 
tain the cost of lighting, steaming, and patting in train each en- 
gine. This gives 

23,021 

• 

In the same way we have V* X S<=: 3722. By dividing this 
third item by the number of hours which Jhe engines were 
kept standing, and which was 178,637, we shall find the cost 
per hour for each engine standing. . This gives 

I'f = — ! — 5-00. 

178,637 

To find the share of the expenses expressed by L, which falls 
on each engine, we have to divide the expenses, L, by the total 
mileage of the engines. This gives 

L 63,454 f- f , 

= 0*04 = 9«6. 



c + e' 1.584,532 

The average number of vehicles drawn in thi^t year by pas- 
senger engines was, as we have already shown, 8*26. Hence 
the charge per mile upon each vehicle will be 



W (e + e') 8-26 
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■fc 

* 

The average number of vehicles drawa by each goods engine 
was 16»74. Hence we find the charge per mile on each vehicle 
as follows: 

L 9-6 ^' 

0.61. 



«f' {e + e') "" 1&.74 

Thus, it appears that the chafge per mile on each vehfcle 
forming t^e passenger trains was l'16d.\ and upon each vehMe 
composing the goods trains, was-pniy -^^d. "^? * 

The share of the expenses of the locomotive power, charge- 
able upon the vehicles of transport in the same >ear, and which 
we have expressed by L', was <j611,34S.r 

This being divided by the total mileage of till the vehidiiBS, 
will give the charge per mile on each vehicle. Thus w4 
have 

— = 0-00066 = 0-158. 
m 

In like manner the share of the expenses of the locomotive 
power which we have expressed by L", produced by the weight 
of the traffic, was ^i,46S ; and the proportion of this charge- 
able per mile on each ton of load carried, will be found by 
dividing this sum by the total mileage of the tons of loacl which 
gives 

= ^L^l_ ^ 0-0001345 = 0-032u. 

t 33,105,141 

Thus it appears that the respective ^mounts of the parts of the 
locomotive expenses which we have expressed by L, L', and 
L", were 

L =63,454, 

L' = 11,348, 

L"= 4,453, cC. 

L + L' + L" = 72,255. 

The published reports of the expenditure of the English rail- 
ways do not afford the data necessary to enable ns to subdivide 
the total expense of the locomotive power in the manner and 
proportions here explained/, but it will be observed that the 

K 
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parts expressed ly L' aa4 L'' are ooly about 20 per cent, of 
the total amount. We shall therefore-oot commit any cposider- 
able error, if, in taking a practical example from the English 
railway reports, we divide the entire amount of the locomotive 
expenses among the vehicles of transport, according to their 
mileage, as we have done with the general expenses of direction 
find maintenance of the way. 

More strict accuracy could certainly be obtained if we pos- 
sessed accounts as clear and full ad tiiose of the Belgian rail- 
ways ; but in the absence of these we must approximate to the 
truth as nearly as the data will permit us. . 

On the London and Brighton railways, during the twelve 
months ending 3l8t December, 1S48, the expenses for loco- 
motive power amounted to <^56,381, and the total mileage of 
the engines to 1,360,168. Hence we have 

L = 56,381^., 
c + c' = 1,360,168, 

= 9-96. 



Thus the workiug cost of «aeh engine was 10^. a mile. T^o 
compare the results obtained upon tb.« Belgian railways with 
this, it is necessary to observe that the expanse expressed here 
by L is the whole expense of the locomotive power^ and in- 
chm^es, therefore, all the expenses expressed by L, L', and L" 
in the case of the Belgian lines. It will therefore be necessary 
to divide the expense L -|- L'-j- ^" for the Belgian lines, by 
e 4- ^^ for tho same lines, in order to compare the two results. 
This gives, 

I*+.L'-f L" 79,255 ^' 



le+e' 1,684,532 



— 0-05 = 12. 



It appears, therefore, that the working expense of the en. 
gines on the London and Brighton Railway, was 16/j per cent, 
less than oh the Belgian lines. 

The reports do not supply us with the. data necessary to 
ascertain the average number of vehicles of each kind drawn 
: by each engine on the Brighton line, and we can not, thaiiefore, 
■■•ubdivider this *moDg. the vehicles. . j^ 'f 

Oq the Great Wp^trtf Rai]way,^Hng the twelve montha 
ending 30th Junb, 1649, the empensea for locomotive power* 
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accordiog to the published reports, were (36^,463; and the 
total mileage was 2,737,928. Hence we have, 

L = 96,462^., 
« + e'= 2,737,928, 

-, = 8-45, 



which was the working cost of each engine per mile. 

It is necessary to observe* that the reported mileage of die ' 
engines in the case of the Great Western Railway incHides, 
as indeed it ought to do, the mileage of the assisting engines 
on inclined planes, of empty engines, and of the engines used 
in forming the train at the stations. In the case of the Lon- 
don and Brighton, these do not appear to be included. On 
the Great Western, the mileage of the engines while actually 
drawing trains amounted to 2,603,934. 

If the expenses be divided by this mileage, the quotient 
would be S'SSc;^., or very nearly 9(£. a mile, coiresponding with 
the results already obtained on the Brighton Railway. 

But still it would appear that a greater economy is obtained 
on the Great Western Railway, when the superior magnitude 
and power of its engines are considered ; unless, indeed, the 
average loads they draw are proportionally Fess. 

We are unable to ascertain the amount of the loads drawn 
by the engines from the data supplied by the published reports 
of this railway. 

Documents which I have obtained fi'om the manager of the 
Northwestern Railway enable me to give another striking ex- 
ample of this item of expense. 

The Northwestern Railway Company, besides working the 
traffic of its own lines and branches, consls^irg' of 438 miles, 
also supplies locomotive power for working the Chester and 
Holyhead, Lancashire and Carlisle, Kendal and Windermere, 
Shropshire Union,* and North Union railways, making a total 
of 670 miles; being about the eighth part of the entire railways 
of the United Kingdom in operation. 

The traffic of this extensive system of railways was worked, 
during the twelve months ending the 30th June, 1849,. by , 
457 locomotive engines, which performed a total mileai|p» ill ." 

• ' '- . • ■'. '"'^. ".' ' 

* The Shropshire Uniofc (30 iniles), x5oniSi*«ing Sbrewsbuty Irith 
Stafford, was not opened for XnSSk till June, 1 849; .* ^ • ** 
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working such traffic, amounting to 7,532,230. Tiie total cost 
of this power was c£306,668. We have therefore, 

L =: 306,6682., 
c + tf' = 7,532,230, 

^ =9.8. 



c + e' 



This example is entitled to Uie more weight, because of the 
extensive system of lines from which it is deduced ; and we 
may, therefore, safely a^ume that th# average cost for loco- 
motive power in working the trains on the 'English railways, 
taken one with another, idcluding both goods' and passenger 
trains, is, in round cumbers, lOe^. a mile. 

If the average number of vehicles drawn by passenger engines 
be eight, as it would appear to be from the estimate of Captain 
Huish, already referred to, then it will follow that the average 
cost for locomotive power, for each vehicle, is Hd. per mile. 

THE CA&RTINa EXPENSES. 

Under this head are comprised all the expenses, direct and 
indirect, which arise from the maintenance of the vehicles of 
transport of every class. 

These expenses may be classed under the following h^ads : 

1st. The repairs of that portion of the. wear of the rails pro- 
duced by the action of the veight of the vehicles of 
transport, independently of the load they carry. This 
we have already explained and designated by W'^ <- 

2d]y. That part of the wear of the locomotive engines and 
the additional expense oj^. fuel consumed in conse- 
quence of the exertion of the tractive force in drawing 
the vehicles of transport, independently of the load 
they carry. This has been already designated by L'. 

3dly. The maintenance and repairs of the carrymg-stock 
itself, including the necessary renewals, and the gen- 
eral expenses of the coach-houses, or d6p6ts. 

These expenses might be taken in the aggregate, and shared 
among the vehicles of transport according to their mileage, in 
the same manner as We have proceeded with the expenses of 
direction and the maintenance of the way. 

By such a distribution, however, the expenses would not 
be shared among the clui^iiig itock, in accordance with the 
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caasea which produced them. For example, the expenses 
produced by the passenger carrii^es are greater in proportion 
than those produced by the goods-wagons, horse4)oxes, car- 
riage-trucks, &:c. ; and among the goods- wagons themselves the 
expenses will obviously differ to some extent according to their 
magnitude and weight. In the analysis of the expenses already 
referred to on the Belgian railways, M. Belpaire divides the 
vehicles of transport into three classes, the passenger carriages ; 
the covered wagons, including horse-boxes, baggage-vans, 6cg. ; 
and the flat, uncovered goods-wagons. The expenses of the 
coaching department are distributed among the passenger car- 
riages ; and the expenses of the wagon department distributed 
between the two classes of wagons, according to their weights. 

The result of this calculation, however, gives differences so 
extremely small, between the expenses of the passenger car- 
riages and the heavier class of goods- wagons, that it is scarcely 
necessary to complicate the calculation by distinguishing them. 
Thus the share of the expenses per 1000 miles run, which falls 
on passenger carriages and covered goods-wagons, is in the 
proportion of 40 to 39. A somewhat greater difference prevails 
between the expenses of passenger-carriages, and those of the 
flat jand uncovered wagons, being in the ratio of 40 to 33. 

It will nevertheless be more simple, and productive of scarcely 
any sensible error in the distribution of the expenses, to take 
the entire expenses, direct and indirect, of the carrying stock, 
and divide it among the vehicles of transport, as we have 
already done with the expenses of direction and the mainte- 
nance of the way, according to their mileage. 

If the coaching expenses be kept sufiiciently independent of, 
and distinct from the wagon expenses, tb«n it will be easy, 
and more strictly equitable, to divide each by their mileages 
re&pectively, and thus obtain the charges on each vehicle of 
the passenger trains distinct from the goods trains. 

As a practical example of such calculation, we will take, as 
before, the Belgian railways. Let V express the total ex- 
penses of all the vehicles of transport, independent of the loads 
they carry ; and let V express the additional expense produced 
by the load. We find that, 

V = 24,900 
V'= 5,084 
V + V' = 29,984; 

m .= 17,193,658; 
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V ^' 
— =0.35 
m 

V 

--= 0-072 

m 



V4-V' 



7» 



The last is therefore the charge per mile on each vehicle for 
the entire expense, including the load. 

In the preceding analysis, the expenses arising directly lind 
indirectly from the^ load borne by' the vehicles of transport, 
have been kept apart and reserved for separate consideration, 
and the expenses which have been enumerated are those which 
woald be produced if the trains of every description which act- 
ually carry the traffic were drawn upon the railway empty. The 
addition of the load produces cmgmented expenses, which have 
been already indicated, and which were reserved to be separate- 
ly chargeable upon the traffic, ^hese expenses are as follow : 

1st. The increased wear and tear of the rails produced 
by the weight of the traffic, and which has been 
expressed by W". 

2dly. The increased wear and tear of the locomotive engines, 
and the increased consumption of fuel in them pro- 
duced by the weight oi^ the traffic, and which has 
been expressed by Lt". 

3dly. The increased wear and tear of the vehicles of trans- 
port produced by the increased weight of the traffic. 

Now, in fact, these charges constitute the entire share of 
the expenses of transport, properly so called, which is directly 
chargeable upon the traffic. They are the difference between 
what the expenses of the railway would be if the trains were 
carried upon it empty, and the expenses which are actually 
incurred in conducting the trains loaded as they are. ' 

It may be contended, .that the process would be more simple, 
and equally effectual for all practical purposes, if the expenses 
which have been just enumerated were at once included under 
the several heads of maintenance of the way, locomotive power, 
and carrying expenses, already indicated. 

To this it may be replied, that if the sole end of such an 
analysis as the present is to ascertain the actual expenses pro- 
duced by each object of traffic, such purpose will be defeated if 
the expenses occasioned by certain objects be charged upon 
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others, even though the aggregate result of such account should 
be correct; since such correctness would only be produced by 
a conipensation of errors. In analyzing the expenses of an en- 
terprise so complicated as a railway establishment, some com- 
pensation of errors is inevitable. It is quite impracticable to 
assign priecisely to each article of transport the share of the ex- 
penses which it produces. The weight, therefore, of the ob- 
jection will altogether depend on the extent to which the prin- 
ciple of compensation of errors in such a case is carried. We 
are enabled to ascertain this extent by the reports and accounts 
of the Belgian railways, and the consequences which wq have 
deduced from them. 

By taking the special expenses chargeable upon each object 
of traffic, independently of the general expense, which we have 
designated in the preceding analysis by D, W, L, and V, and 
by combining such special expenses'with the average load which 
each class of vehicles carries, we can ascertain the increased 
expenses per mile produced On each vehicle by the addition of 
its load. We have done this with respect to the Belgian rail- 
ways in the following table, in the first column of which appear 
the expenses per mile produced by each object of traffic; \a the 
second column the average number of such objects of traffic car- 
ried by each vehicle respectively ; and in the third column the 
product of .these two numbers, representing the expenses per 
mile on each vehicle, produced by its load. 



Object of Traffic. 


Expense 
per Mile. 


Average 

Number 

per Vehicle. 


Expense 

per Vehicle 

per Mile. 


1st class passenger 

2d and 3d class passengers 

A ton of baiTtfaere __ - 


d. 

0-042 

0-006 

007 

007 

0-05 

0-07 

007 

03 

0-007 


8-5 
14-4 
0-56 
1-85 
1-67 
0-75 
2-5 
419 
34-9 


0-357 

0-0864 

0-0392 

0-1295 

00835 

0-0525 

01750 

0-1257 

0-2443 


A ton of parcels 

A horse .. ..- . 


A private carriage i 


A ton of goods 

A head of cattle ._ .-.. 


A head of small cattle 



To ascertain to what extent this differs from the charges 
which would fall on the objects of traffic respectively by dividing 
the total amount of the special expenses among the vehicles of 
transport indifferently, in the ratio of their mileage, we divide 
the total amount of the special expenses, dei0,849, by the total 
mileage, 17,193,658, of the vehicles, and the quotient, 0'1514c?., 
is the share per mile which falls on each vehicle. Dividing this 
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by. the average quantity of the objects of transport which each 
vehicle carries, and comparing these with the actual share of 
the expenses chargeable to each object, we obtain the following 
results : 



Pasflenger, let class 

„ 2d and 3d class. 
A ton of baggage 

„ parcels 

Ahorse _ 

A private carriage 

A ton of goods . , 

A head of cattle .« 

„ small cattle 



Acfnal 

Share of 

Expenses. 



d. 

0-042 

0006 

070 

0070 

0050 

0070 

0070 

0-030 

0-007 



0hai«l)y 

equal Division 

of Expenses 

among 

Vehicles. 



d. 

0-0178 

00105 

0-2704 

0-0818 

0-0907 

0-2018 

0-0605 

0-0361 

0-0043 



Difference. 



Over^ 
charge. 



00045 
0-2004 
O-0118 
0-0407 
0-1318 

0-0061 



Under- 
charge. 



d. 
00242 



0-0095 
0-0037 



Sucb, then, is the compensation of errors by overcharge and 
undercharge which would be produced if the expenses properly 
chargeable in various proportions on the traffic were distributed 
uniformly among the mileage of the vehicles of transport. But 
to estimate the importance of this departure from strict accu- 
racy, it will be necessary to compare these deviations from the 
truth with the total amount of expenses chargeable upon each 
object of traffic. I have accordingly done this in the following 
table, in the first column of which is exhibited the actual share 
of the total expenses per mile which was produced by each 
object of traffic; and, in the second and third columns, tlie 
amount per cent, of the overcharge or undercharge, which 
would be committed by t|!ie adoption of the principle of uniform 
distribution among the vehicles. 



Passengers, Ist class 

„ 2d class 

„ 3d class 

Baggage per ton ^ 

Parcels per ton 

Horses per head 

Private carriage 

Goods per ton ...-, 

Cattle per head 

Small cattle per betid j.^ 



rPotal 

Expense of 

Transport 

per IVIile. 



d. 

0-37 

0-25 

0-20 

7-05 

2-50 

1-70 

3-80 

1-11 

0-66 

009 



Percentage of Total JBxpenses. 



Overcharge. 



1-80 
2-20 
2-80 
0-50 
2-40 
3-40 

0-93 



Underchaige. 



6-50 



"V 



0-90 
3*00 
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It appears that these errors iprm bat a small percentage of 
the whole expenses, and would form a much smaller percentage 
of the fares which would be charged upon the several articles. 
We may therefore conclude, that the simplicity of calculation 
gained by dividing the entire expenses among the mileage of the 
vehicles, and then among the objects they carry, more than 
compensates for the minute errors which would be produced by 
the distribution of this part of the expenses. 

We may, then, recapitulate the various heads of expenses 
explained above, including, however, under them respectively, 
the entire expenses of the maintenance of the way and works, 
the locomotive power, and the carrying expenses produced by 
the traffic, as follows : 

Total expenses of direction and management D 

Total mileage of carrying stock m 

Share of expenses of direction chargeable per mile on ^ 

each vehicle of carrying stock — 

m 

Expenses of maintenance of way and works W 

Share of these expenses chargeable per- mile on each -ry- 

vehicle of carrying stock — 

m 

Expenses of locomotive power ... * L 

Total mileage of passenger engines ,..,. e 

Total mileage of goods engines c' 

Share of expenses L chargeable per mile on each y ; 

engine 

e + e' 

Share of expensed L chargeable upon the passenger j , 

engines collectively ^ . 

# e±e' 

Share of expenses L chargeable upon the goods en- _ , 

gines collectively 

e-\- e' 

Total mileage of the vehicles composing the passen- 
ger trains ^. - • • . m' 

Total mileage of the vehicles composing the goods 
trains • . . • w» 

Share of the expenses of passenger engines charge- _ 
able per mile on each vehicle drawn by them. ... - _ 

Share of expenses of goods engines chargeaMe per _ , 

mile on each vehicle drawn by them — __ — . — - 

m (e + e) 

Share of expenses of carrying stock chargeable on 

the vehicles composing the passenger trains V 

Share of expenses of passenger stock j^r mile chai^gea- y 

ble upon each vehicle composing the ^senger trains -- 
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Share of expenses of carrying stock chargeable to the 
vehicles composing the goods trains. V 

Share of expenses of goods stock per mile chaxgea- y/ 
ble upon each vehicle xsomposing the goods trains —7 

Hence it appears that the total amount of the expense charge- 
able per mile upon each vehicle composing a passenger train is 
as follows : 

D W Lxe V 

m m m' X (e + e') ^ m' 

And the total amount of the expenses chargeable upon each 
▼ahicle composing a goods train is 

m ■*■ m ■*■ 7»" (e ^ O "*" m"' 



THE STATIONS. 

In what precedes, I have explained the manner of distribu- 
ting among the traffic all those Expenses which are chargeable 
upon it in the form of a miletfge. 

It now remains to notice a class of expenses which, being in- 
dependent of locomotion, are chargeable upon the traffic in a 
proportion depending conjointly on its quantity and quality, 
without any reference' whatever to the distance to which it may 
be transported. 

The expenses of the stations consist principally of the follow- 
ing items : 

1st. The maintenance and repair of the buildings and furni- 
ture of the various stations for the reception and em- 
barkation and disembarkation and discharge of passen- 
gers and goods. 
2d. The salaries of all classes of agei^ts, from- the superin- 
tendents down to the lowest porter eitiployed in the 
service of the embarkation, bookrag, disembarkation, 
discharging, and delivery of the objects of transport, 
including those agents who accompany thQ trains for 
the purpose of delivering the various articles of trans- 
port at the stations, and of receiving and dischftrgiqg 
the passengers. 
3d. The cost of all articles consumed in the stations, includ- 
ing all the machinery and stock requisite for the em- 
barkation, disembarkation, and delivery of goodi. 
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Under theid heads are, of couMb, iacladed a mliltitode of 
,misce]Ianeoii8 expenses connected with the ordinary business 
of the stations, sach as lighting and warmipg them, attendance 
in the waiting-roonts on the passsengers^ ,all the details of the 
booking offices, the necessary ' attendance m the offices for the 
reception of passengers^ baggage and parcels* and the labor and 
materials consaroed in loading the saitte, the necessary attend- 
ance for the embarkation of carriages and. horses, of live stock, 
and of every species of goods ; and, in ,some cases^ the means 
for deliveritig the goods, as they arrive, at the domicile of the 
party to whom they are addressed, and of collecting ^e goods 
which are. about to be dispatched. ' - •> 

From the nature of this service it wOl be evident that the 
expenses attendant upon it have no reference to the distance to 
wiiich the traffic is transported. Two bales of goods delivered 
at a railway station are rjsceived, weighed, booked, entered on 
the way-bill, labeled, and loaded. On arriving at their respect- 
ive destination they are unloaded, discharged^ delivered, and the 
charge upon them, if any, collected. 

All these various services will be precisely the same for these 
two bales of goods, if one be carried 500 miles, and the other 
only 5 miles. 

Such expenses must therefore be debited to the iraffici with- 
out any reference to its mileage. 

But these expenses will evidently vary Within very wide 
limits, according to the nature of the objects which are em-< 
barked and delivered. 

Passengers, on arriving^ must be provided with proper book- 
ing-offices, a staff of clerks, a waiting-room properly illuminated, 
warmed, and furnished, and a convenient wharf for embark- 
ation, with suitable attendants for their gaidance, and for l;he 
disposition of their baggage. On arriving at their destination, 
similar services are required. 

Live stock require particulM' attendance and labor for their 
safe embarkation and discharge. Qtoods of various qualities re- 
quire various degrees of care and labor for their secure embark- 
ation and discharge. 

Now it will be evident that the distribution of the total ex- 
penses of the establishment of the stations between these various 
objects must be a process attended with much difficulty, and, to 
some extent, arbitrary. If only one species of traffic Were em- 
barked and delivered, then it would be sufficient to divide the 
total expenses of the statioiii between Uiia qnan^Orf expressed 



228 RAILWAY ECONOMY. [Chap. tML 

in weight or number, as the case might be ; but the traffic coo- 
sistiiig of a great variety of different classes of objects, the dis-' 
tributii)n of the expenses among them requires that some comr 
men measure be selected, by whicb the proportional expenses 
of each class of traffic may be determined. Estimates of this 
kind have been made in different foreign railway establishments. 

M. Teisserenc, who has devoted much attention to the 8(^ 
tistics of railways, and has been practically connected with the 
French hnes, proposes that the average expenses of the em- 
barkation and delivery of a ton of merchandise, which he esti- 
mates, on the French lines, at about l^. 6d., should be taken as 
the unit or common measure for the expenses of the embark- 
ation and delivery of the traffic in general, and that the expenses 
of the stations shall hfi divided among the tra^c in the followiog 
proportions relatively to the cost of a ton of .voods. 

Let A express the cost of the embarkatio)! and delivery of a 
ton of goods. Then we may adopt, aco^cding to M. Teis- 
serenc, the following scale for other objects nf transport: 

A ton of parcels 3 A \ 

„ of baggage ' 10 A « " 

A carriage 2 A ' 

Ahorse Ij- A 

A Jhiead of cattle « | A 

A pig 1 A 

A calf I A 

A .sheep '. -^^ A 

The same authority gives the following scale as applicable to 
the Belgian railways, where he estimates the cost of the em- 
barkation ^and delivery of a ton of goods at the same amount as 
abpve : 

A ton of parcels ! 3 J A 

„ of baggage 10 A 

A carriage .,...,. l-J A 

Ahorse , A 

A head of cattlie , | A ^ 

A pig 4 A 

A calf I'A 

A sheep 4 A 

A passenger , . . , . .,. '. . J A . 

According to M. Belpaire, who has given a very elaborate 
distribution of the expenses of the Belgian railways among the 
traffic, the foUowing are* or wdre {in 1844), the proportional 
expenses of embarkation and discharge, the unit being, as before. 
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the average cost of .embarkation and discharge of a too of mer 
ehaodiae : 

A ton 6f baggage , 8 A «.* 

„ of parcels , . .^ 5j A 

A carriage A ■ *' 

A horse J^ A - 

A passenger .^. . . . -|^ A 

M. Belpaire gives no estimate of the embarkation of live 
stockf as this process was then conducted at the charge of the *.x 
expediter. 

The difference between the amount of the expenses assigned 
to the embarkation and discharge of these different classes of 
objects, admits of easy explanation. 

The embarkation Of a ton of merchandise, consisting of a 
bale dispatched by one individual and consigned to another, 
is limited to a single^ entry in the books and way-bill, the label- 
ing and loading, unloading and delivery, of a single bale. 

But a ton of parcels, consisting of a great multitude of de- 
tached packets of different weights, dispatched by a great num- 
ber of different persons, requiring as many, different entries 
on the books and way-bills, and followed by as many different 
operations for their discharge and delivery, obviously involves 
a vastly increased expense. 

It will not, therefore, be surprising, ^that the average ex- 
penses for a ton of such objects is much greater than for a ton 
of goods. > 

The expenses of embarkation and delivery of passengers* 
baggage is still greater than that of parcels, because the bag- 
gage arrives at the last moment, is weighed, booked, and loaded 
with precipitation, and requires the attention of numerous 
agents. The parcels, on the other hand, are received, booked, 
weighed, and loaded, with more deliberation and order, and 
therefore employ a less number of agents in proportion to their 
number and weight. 

The distribution of the expenses of the aervice of the stations 
among the traffic depends on circumstances, which vary so 
much, not only in one railway compared with another, but 
with the clianges incidental to the traffic itself and its manage- 
ment, that it is impossible to state any general principles relative 
to it, and each case must be arranged according to the peculiar 
circumstances attending it. The expenses of a ton of mer. 
chandise, which is taken as the common modulus or unit, vary 
within very wide limits. Iron in bars, cast iron, or lead in 
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pigs, coals, and mioeralfl, do not cost half the -expoDse per 
ton which attends merchandise which requires more careful 
loading. 

The following are the estimated expenses of the stations on 
the Belgian railways : 

«. d, , 

A passenger .- 0*8 

A ton of baggage 10 0- 

„ parcels . . . .^ * 4 3 

A private carriage 1 5 < 

A ton x)f merchandise (average) , 1 5 

We shall conclude this analysis of the expenses by a general 
practical example of its application in the case of the Belgian 
railways, showing the proportion chargeable to each object of 
traffic. 

It has been already shown (p. 97), that the average number 
of vehicles composing a passenger train was 8*26, and the 
average number composing a goods train was 15*74. 



Direction and management 

Maintenance of way 

Locomotive power. - , 

Carry iner service .......... 


Tbtal 
Ezi>enses. 


, . jj 

Per Vehicle per Mile. 


Pa»enger Trains. 


Goods Tifao& 


30,477 
72,314 
79,255 
29,984 . 


d. 

0-426 

0-954 

1-453 

0-422 


d. 

0-426 

0-954 

0-762 

0-422 


TotalB... 


212,030 


3-255 


2^564 



The comparative expenses per niile of the passenger and 
goods trains arise, as will be seen^ from the charge for the 
locomotive power per vehicle in the one being double the other ; 
and this proceeds from the circumstance of the gbods trains con- 
sisting of fuller loads, or a g^eate;* number of vehicles. The 
charge for the locomotive ^ower, therefore, has a greater di- 
visor, and the share falling on each vehicle of transport is pro- 
pK)rtionalIy less. Although it be true that the- increased mag- 
nitude of the trains produces some increased expense in the 
locomotive power, this expense is comparatively trifling, con- 
sisting only of the small cost of the traction of each additional 
vehicle. • 

This will illustrate the economy to i>e derived from working 
in general with full trains. An additional vehicle drawn by 
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the engine, produces an increase of the divisor, by which the 
expenses of the moving povrer is distribated among the traffic. 
These expenses, chargeable respectively on the vehicles com- 
posing the trains, are now to be distributed between the units 
composing the average loads of these vehicles. It has been 
shown that, on the Belgian railways, the average loads of the 
several denominations of vehicles were as follows: 

Description of Vehicle. Average Load. 

Passenger carriage, 1st class, number of passengers 8'54 

„ 2d class „ 12-38 

„ 3d class „ 16*41 

Baggage^van, tons .' 0*^6 

Parcel-van, tons 1*85 

Horse-box, number of horses . . i , 1*67 

Carriage-truck, number of carriages 074 

Goods^wagons, tons 2*46 

Large cattle-wagons, head of cattle 4' 19 

Small cattle-wagons „ 34*90 

By dividing the expenses chargeable per naile on each vehicle 
by the nnmber of units of load as here given, we shall find 
the share of 'the expenses per mile chargeable to each unit. 
If this be multiplied by the average distance over which each 
unit of load was carried, we shall obtain the average total mile- 
age expenses of each unit ; and if to this be added the share of 
the expenses of the stations chargeable to the objects of traffic, 
irrespective of distance, we shall obtain the entire average ex- 
penses of each object. These results are given in the follow- 
ing table : 



»» 



Passengers, 1st class. 

2d class. 

3d class. 

Ton of baggage 

„ parcels 

Ahorse 

A carriage 

Ton of goods 

A head of cattle 

small cattle 



Expense of 
Stations. 



«. 



10 
4 
1 
1 
1 





d. 

0-82 
0-82 
0-82 
0-00 
300 
500 
500 
500 
900 
1-00 



II. 
Expense 
of Trans- 
port per 
Mile. 



d. 




5- 
1- 
1" 
4' 
1- 



38 
26 
20 
80 
77 
95 
40 
04 
0-61 
007 



nx. 

Average 

Distance 

carried. 



Miles. 
43-20 
28-50 
21-50 
52-10 
54-40 

10900 
9000 
44-80 
57-00 
42-70 



TV. 



Total Ex- 
pense of 
Transport. 



s. 

1 





25 

8 

17 

33 

3 

2 





d. 

4-41 
7-41 
4-30 
2-18 
0-29 
8-55 
000 
10-60 
10-77 
3-00 



- V. 
Total Ex- 
pense of 
Transport 
and Stations. 



1 





35 

12 

19 

34 

5 

3 





d. 

b-23 
8-23 
5'12 



2 
3^ 

1- 
5 

3- 
7- 
4 



18 
29 
55 
00 
60 
77 
00 



,, small cattle I o luu uu/ va iv v o-uxt u ^'w 

!-^ ' ' ' ' — ^^ 

The arithnfietical process by which the above tabl^ has been 
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computed will easily suggest means whereby the economy of 
transport may be promoted. The numbers in tlie second 
column, expressing the cost per mile for the transport properly 
so called, of each unit of traffic, have been found by dividing 
the cost per mile by the number of units in the average load 
of each vehicle. Now it has been shown that the increased 
expense arising from any increase of the load of each vehicle, 
produces an insignificant effect on the total expense of trans- 
port ; and it therefore follows tha( the share of the expenses 
of transporting such vehicles which falls on each unit of its load, 
will be in the inverse proportion of the magnitude of such load. 
It may, therefore, be inferred that the cost of transport, prop- 
erly so called, of each unit of load will be inversely as the mag- 
nitude of the load transported by each vehicle. 

It would be desirable, if sufficiently precise data could be ob- 
tained for the purpose, to ascertain the average proportion in 
which the working expenses of the English railways are dis- 
tributed under the different heads. The want of uniformity, 
however, in the published accounts of the different companies, 
where we find different expenses frequently classed under the 
same denominations, and the same expenses under different de* 
nominations, and where, from the want of clearness, it is often 
difficult, and sometimes impossible, to determine the head to 
which certain disbursements should be assigned, renders it im- 
practicable to obtain any general and exact estimate of this kind. 

I have, however, extracted from the mass of published reports 
thirteen half-yearly statements of five of the principal com- 
panies, from which I have formed the following tabular analysis. 
I repeat, however, that it must be received only as the best 
that can be obtained, in the absence of more precise and satis- 
faeiory data. 

The numbers which appear in the columns of the following 
table (see page 233) express the proportion of every dClOO of 
the total working expenses, which were appropriated to the 
different heads specified in the table. 

From all that has been explained in the present. and pre- 
ceding chapters, it may be inferred, that, among the principal 
measures tending toward an increased economy of expenses 
in the working of railways, the following are the most prom- 
inent: 

1st. So to manage the traffic, that the various classes of 
vehicles of transport should carry more complete loads; 
beoausa the share of the -expenses falling on each unit of 
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Analysis of the ap 
penses of the uncn 


proximate Proportion in which the working Ex- 
3r-mentioned Itkilways were distrilmted under the 


several specified Heads. 


- 








Direc- 
tion And 


Wav 

and 

Works. 


Loco- 


Carrying 


Office 
and 




Northwestern. 


ment. 


motive 
Power. 


Depart- 
ment. 


Sun- 
dries. 


Total. 




• 


y 








Half-year ending 




• 








Dec. 31, 1847 .. 


4'34 


11-68 


32-86 


49-12 2-00 


100-00 


June 30, 1848 .. 


417 


11-31 


34-03 


48-53 


1'96 


100-00 


Dec. 31, 1848 .. 


3-80 


11-40 


33-39 


47-79 


3-62 


100-00 


June 30, 1849 .. 


4-32 


11-06 


32-73 


48-64 


3-25 


100-00 


Great "Western. 










' 




Half-yea^ ending 














Dec. 31, 1848.. 


11-10 


22-80 


29-60 


34-50 


2-00 


100-00 


Jane 30, 1849 .. 


12-90 


2616 


26-35 


32-4S 


2-14 


100-00 


Bris^hton. 

Half-year ending 














- 






' 






Jane 30, 1848 .. 


5-62 


15-^0 


42-01 


'34-80 


1-67 


10000 


Dec. 31, 1848 .- 


7-30 


18-20 


39-41 


34-13 


0-98 


10000 


Jane 30,1849.. 


5-31 


. 16-90 


33-50 


4V89 


2-40 


10000 


Soatheastpm. 


1 






, » 






Half-year ending 








• 






Jane 30, 1848 .. 


4-85 


8-31 


53-71 


32-71 


0-42 


100-00 


Dec. 31,1848.. 


5-40 


8-94 


43-00 


41-80 


0-86 


100-00 


Soathw^stern. 










■ 




Half-year ending 


- 










- 


Jane 30, 1848 .. 


11-70 


19'30 


28-30 


25-30 


15-40 


10000 


Dec. 31, 1848.. 
Mean... 


7-97 


23-01 


2801 


30-71 


10-30 


100-00 


6-83 


15-76 


35-15 


38-64 3-69 


10000 



load, diminishes very nearly in the same ratio as the loa^ 
of such vehicles increases. 

2d]y. So to ndanage the traffic as to encourage transport to 
increased distances, becaase those expenses which are in- 
dependent of distance wiU thereby be spread over a greater 
mileage ; that part of the cost per mile of each object of 
transport diminishing in the same ratio as the distance 
transported increases. 

3dly. So to manage the traffic, that the number of vehicles 
drawn by each engine shall be increased, because the cost 
of traction will thus be divided among a greater number of 
vehicles. This cost is but slightly increased by the increase 
of the number of vehicles drawn by eiach engine ; while 
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the expenses falling on each vehicle are diminished in a 
much larger proportion. 

4thly. So to mdnage the business of transport, that the dis- 
tance run by each engine lighted shall be increased; because, 
in this case, those charges on the engine power which are 
independent of distance are divided anoong a greater extent 
of mileage ; and the share of those charges falling oa each 
vehicle drawn will be diminished, caleris paribus, in the same 
proportion as the engine mileage is increased. 

5th]y. In cases where the traffic prevails chiefly in one direc- 
tion, and, consequently, where «* empties" are drawn in 
great quantities in the other direction, to study the local 
products, and modify the tariff so as to attract loads for the 
empty vehicles at a tariff which may be productive under 
such circumstances, though unproductive under ordinary 
conditions. By these means, the average load of the vehicles 
of transport will be augmented. 

6thly. Not to multiply the trains beyond that point which the 
reasonable accommodation of the public renders indispens- 
able. The more the trains are multiplied, the less complete 
will be the loads of every description of traffic, and the 
greater will be the share of the expenses which will fall on 
each unit carried. 

7thly. To sort the loads of each description of traffic as far a^ 
possible, according to its destination; and for the passenger 
traffic to provide mixed carriages, Which may take up in the 
same vehicle the complements of load composed of different 
classes. By this expedient, a single carriage in a passenger 
train may perform the office of three. 

8thly. To diminish, as far as possible, the number of express 
trains, if it be not practicable to abolish them altogether. 
Express trains are a source of vast expense, directly and 
indirectly, which can never be repaid by any practicable 
tariff to be levied upon them. They are a source of expense 
directly by their extreme speed, which produces a rapid 
deterioration of the rails, and shakes^ to pieces the eiigine 
and the vehicles of transport. They Are a 8ti41 greater 
source of expense indirectly, by the effect they produce on 
the ordinary traffic of the line. Regular trains are either 
urged forward at undue speed to get out of their way, And 
thereby the wear of the line, the engines, and the carrying 
stock, is increased, or they are compelled, as in the case 
of goods trains, to 'stop in sidings to let the express pass. 
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By multiplying the stoppages of heavy goods trains, the 
wear of the rails, engines^ and vehicles of transport them- 
selves is serioasly increased by the effects of the absorption 
of the raonientum of so great a' mass in stopping, and the 
action of the engines in prodacing the Imomentum in start- 
ing; both of which, by the common laWs of motion, must 
be expended on the rails, the axles, and other parts of the 
mechanism upon which the strain is thrown. 



CHAPTER XIII. 

RECEIPTS. — TARirrS. — PROFITS. 

None of the difficulties which have been encountered in the 
investigation of the services of railways are presented in the 
analysis of their receipts. The relation of the expenses to the 
services ultimately rendered, is most uncertain and arbitrary. 
The relation of the receipts to these services is immediate and 
obvious. The reports of the railway commissioners, moreover, 
although scanty and obscure so far as relates to the expenses, are 
sufficiently ample as respects the receipts. It is only when we 
come to compare the receipts with the e^tpenaes, for the purpose 
of investigating and dissecting the profits, that we encounter dif- 
ficulties, and these difficulties arise exclusively from the tincer- 
tainty and obscurity of the accounts of expenses. 

In the following table is exhibited the receipts proceeding 
from the transport of passengers on the English railways during 
the six years and a hairending Dec. 31, 1848; showing^also 
the average receipts per day, the average sum contributed by 
each person booked, and the sum paid per passenger per mile. 



Tabular Analysis of the Revenue arising from the Passenger ^affic 
on the Railways of the United Kingdom during the Six Years and a 
Half ending December 31, 1848,. 


Twelve months ending 
June 30, 1843. 

1st class _.......... 


Total 
Receipts. 


Average 
Receipts 
per Day. 


Average 
Receipts 

per 

Passenget 

booked. 


Average 
Receipts 

per 

Passenger 

per Mile. 


£. 

1,386,942 

1,300,758 

422,557 


£. 

3,799 
3,564 
1,158 


s. <L 

6 0-75 
2 2-25 
1 2-50 


d. 

2-51 - 

1-80 

1.17 


2d class........... « 


3d class 


Totals and averages... 


3,110,257 


8,521 


2 800 


1-98 
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Total 
Eeeeiptt. 


Avenge 
Receipts 
per day. 


Average 
Receipts 

Passenger 
booked. 


Aversfe 
Receipts 

^ per 1 

rasseofier 

per Miie. 


Twelve monthi eudrng^ 
June 30, 1844. 

I St clftlll ....,.-. 


£. 

1,499,686 
1,436,537 


£. 

4,108 
3.936 


5 700 
3 200 
1 1-75 


d. 

2-56 
1-80 
1-05 


2d class ........... 


3d class . ._........- 


503,069 1,378 




Totals and averages... 


3,439,294 


9,422 


2 5-75 


1-85 


Twelve months ending 
June 30, 1845. 

1 flt class .. .....••>.. 


1,610,805 

1,683,633 

681,903 


4,413 
4,613 
1,868 


5 7-50 
^ 3-75 
1 0-75 


1 

2-63 
1-92 


2d class... ....... •• 


a/1 r\nmm 


0-97 . 






Totals and averages.. - 


3,976,341 


10,894 


2 4-25 


1-82 


Twelve months ending 
Jane 30, 1846. 

1a(:plnsfl 


1,691,724 
1,967,773 
1,065,719 


4,635 
5,391 
2,919 


5 2^5 
2 2-25 
1 1-75 


211 
1-44 
0-92 


2d class ......... 


3d class............ 


Totals and averages... 

Twelve months ending 
Jnne 30, 1847. 

1st class 


4,725*216 


12,945 


2 200 


1-44 


1,725,759 
2.098,080 
1,324,163 


4,729 
5,748 
3,628 


4 10-50 
2 0-75 
i 1-75 


2-36 
1-62 
0-99 


2d class ............ 


3d class............ 


Totals and averages... 

Twelve months ending 
Jnne 30, 1848. 

1st class 


5,148,002 


14,105 


2 0-00 


1-54 


1,796,033 
2,35,5,653 
1,568,696 


4,920 
6,454 
4,297 


4 1100 
2 1-75 
1 1-75 


1 

2-39 
1-63 
100 


2d class _.- ... 


3d class ........... 


Totals and averages... 

Six months ending De- 
cember 31, 1848. 

1st class............ 


5,720,382 


15,671 


1 11-75 


1-51 


1,003,516 

1,360,468 

919,317 


5,498 
7,454 
5,028 


5 500 
2 2-75 
1 2-50 


2-38 

1-62 

■1-00 


.2d class.. 


3d class ............ 


Totals and averages... 


3,283,301 


17,980 


2 0-75 


1-51 
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In the folio wing table is exhibited the .proportion per cent, 
of these receipts contributed by each^ of the three classes of 
passengers : 



Tabular Analysis of the Proportions in which each class of Passengers 


contributed to 'every JClOO of Gross Revenue in the Six Years and a 


^alf ending December 31, 1848. 


For Twelve months ending June 30, 1843 . 


1st Class. 


3d Class. 


3d Class. 


44-58 


41-83 


13-59 


„ „ 1844 - 


43-60 


41-77 


14-63 


•t ,, 1845 . 


40-51 


42-34 


17-15 


„ „ 1846 . 


35-80 . 


41-65 


22-55 


1847. 


33-52 


40-76 


25-72 


1848 . 


31-39 


41-18 


27-43 


For Half-Year ending December 31, 1848 . 


30-57 


41-45 


27-98 



This table exhibits in a remarkable manner the progressively 
increased nse of the railway made by the inCpr^ classes of 
passengera. It will be observed that the propor^or^sflhe entire 
revenue contributed by the second-class passengers was sensibly 
the same during the entire period included In the above table, 
being about 41^ per cent.;, but while the proportion contributed 
by the first-class passengers fell from 44^ to 30^ per cent.^ the 
proportion contributed by the third and inferior classes rose from 
13 J to 28 per cent. 

It must be observed that the actual amount contributed by all 
classes of passengers gradually augmentej} throughout the period 
referred to ; the daily receipts in 1843 being ,^8500, while in 
the last six months of 1848 they were nearly d£18,000. The 
general receipts were therefore more than doubled in this in- 
terval. 

It is also worthy of observation, that while the average re- 
ceipts proceeding from each iirst-class passenger booke4 grad- 
ually diminished from 68, to 55. 5(/., the receipts proceeding from 
those of the other classes of passengers remained nearly stationary. 

The relative diminution of the receipts proceeding from the 
first-class passengers is to be attributed, therefore, not merely 
to the comparatively smaller number of these, but. also to the 
prevalence of their traveling shorter distances. ; . 

In order to exhibit the operation of the causes of local varia- 
tion in the railway revenues^ I have exhibited in the following 
table an analysis of the receipts from the passenger traffic for 
eleven of the principal lines of railway. 



.p- 
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Tabular AkaiTsii of the Hevcnne prodeadiiis from the PassengBrTrafBc 
of the Riilwiji of the United Riogdom during the Twelve UonthB 
ending Jane M, 1817, 


PnuT Clam. 
Loadpo and Nonhwe»taro 


KecalpU. 


AVCTIWB 

Becsl|)U 
pwDay. 


™''"' 




Sia.TBB 
333,855 

<5,337 
95,S2S 
1S,04D 
44,011 
34.339 

3eB,4t» 


340 
181 


I. i. 

1 4'TO 
S 11 

3 1-as 


i. 

2193 
2-744 

S'S30 

2-399 
2 920 
2-385 




London, Brighton. and'Soith Coait 








LanuashiraaDdYoritiihire 

All the remaining line. 


Totals and aVBtagss 

London snd Korthwoitoro 


l,T25.Te9 


4,735 


4 10-20 


3'3eS 


ea.fiSD 

53.916 


1,3M 

aso 
.asB 

■ 183 
IBS 
3«4 

164 
154 
HB 
1,403 


3 730 
3 1-M 
11-SO 


1-495 
1-630 

i-aao 




Londua, B righwn, and Booth Coast 


London and Colcheiiter 


York and North Midland 

Lancaihife andYorkshira 

AUtherenia.uiinglinei.....^.„. 

Totals and BTeregei 

Third Ci.am, *o. 


2,0!Jti,oao 


5,74S 


S 0-80 


l'B20 


! 1 3.1 33 

I3i!a35 

84.380 

4i,5fla 
3a.«38 
sa.iao 

35,499 

6i!L40T 
83,701 
475,05a 


ii84 

35B 
331 
114 

1,303 


3 800 

1 1-60 
1 3'75 
1 BOO 


1-130 

0-M3 
0-75O 

1-ota 

0-959 




London, BrighUm, and SonthCoaat 


Londoa aiid Colchester 


London and Soulhwestom 


York and North Midland 

LanpBBhire and Yorkshire 

All Che remiiininglbes 


Totali and avemgBi 

ReCAFITULiTLON. 


1,334, 163 


3,027 


I 200 


0-999 


1.725,759 
2,098,090 

i,:ia4.i<i3 


4,795 
5,748 
3,687 


i 'JiS 


fS 




Third Ciaas, *o 


Grand totals and Bvengea 


3,148.0l>a 


14,100 


• 0... 


'■'" 
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The .sums contributecl per passenger wonl) b« subject to a 
correcties, owing to the circumstance of passengers traveling 
from one railway to another without interruption. Such a pas- 
senger figures twice in the estimated number booked, once in 
the return of each railway over which he passes. 

It has been already observed, however, in reference to the 
average distances traveled per passenger, that this correction 
would have so slight an effect on the results, that it may be 
neglected without sensible error. The returns of the clearing- 
house, in which the through passenger traffic is given, deoion- 
strate this. 

In the following table I have exhibited an analysis of the receipts 
proceeding from the traffic in goods during the mit years and a 
half ending December 31, 1848. The returns do not supply 
the quantity of goods booked, or their mileage, and I have there- 
fore been compelled to limit the present analysis to the statement 
of the gross receipts : 



! • '^ 

; Statement of the Qross Receipts proceeding from Merchandise, Cattle, 


Carriages, Parcels, Mails, &c., on the Railways of the United Kingdom 


daring the Six Years and a Half ending Dec. 31, 1848. 


■ 


i'otal 


Average daily 




Receipts. 


Receipts. 


£. 


£. 


Twelve mondis ending June 30, 1843 


1,424,932 


3,903 


1844 


1»635,380 


4,481 


1845 


2,233,373 


6,120 


1846 


2,840,354 


7,781 


^ » 1847 


3,362,884 


9,213 


1848 ■ 


4,213,170 


11,543 


Half-year ending December 31, 1848 


2,461,663 


13,488 



In order to exhibit the local variation in the merchandise 
traffic, I have given in the following table (see page 240) an 
analysis of the receipts on eleven of the principal railways for 
the twelve months ending June 30, 1847 : 

J have already observed that the first projectors of the modern 
railways contemplated chiefly, if not exclusively, a traffic in 
merchandise. The event proved to be the reverse. The traffic 
in merchandise was comparatively little, nearly the whole revenue 
proceeding from the traffic in passengers. As the railways, how- 
ever, have become more extensively developed, and improve- 
ments have been made in the machinery of locomotion, the goods 
traffic has been more and more extendt^d, so as to bear a ,coq- 
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Tabular At^iLisia of the lUceipU prodored horn the TrsiBc in Mer- 
chiudiic ™ Che ttsilwiy. of Ibo United KinBdom daring [be Twelve 
Month, eading June 30, 1817. 


Liradon ud Northwenein . . 


lto.i.pt 




ss 


Snipt. in Tm p« aoi 


..-™^ 


Httat 


H 


aii.sao 
aaatao 

4B,91B 
1W,41S 

153,874 


IW 

eaoe 


8 "s-M 

t i-aa 

8 5-88 
8 MO 

s s-ea 


^533 

-903 
■«» 

a-34* 

IIM 
»3»S 


S-4J1 

4-7S0 

7^ 
3^50 

aim 
H-nw 


l-OOO 

O.JSO 




U.T.dnD,Brigh.M,lnd8dUlll 


KiS-raS-:::: 

Votlmnri North MidlMd"! 

AlUhe rerailpuig Une 

ToalaDdawagm... 


11,608,393 


71« 


3 atw 


1«75 







tinnalt; increasiDg proportioD to the traffic in passengers. In 
order to demonstrate this, I have eibibited id the following table 
an sDalyBis of the relatiTe amoanta of revenue proceeding from 
passeogers sad goods for the six jears and a half endiag Decem- 
ber 31, 1848. 



Tailf 




British llailweje dnrinfi 


Six Years and a Half ending Dec. 3 


1. 1848. 






Tout 
from^Pa.- 


RsceiTcd llir 






Yent 


ondlog. 


C«rliigP6, 


Se«lpt5. 




IritmlMtliy 


Pukh- 
























£ 


£. 
























" 


is" 


3,4a!) 


141 






A4 















3,840,354 




61 










5,14( 




3,362,884 


















■ 4,213,170 


9,933,99a 








Dec. 


1, 1948 


3,MBa 


jua 


3,4ei.««j 


V44,985 


97-i 


41M1 



It appears from this, tiiat while, in 1643, thirteen years after 
the opening of the Liverpool and Manchester Railway, the goods 
contributed only 30 perceot.of the grosB raTeoneof tho rBilwajs, 
they contributed, in the eighteen months terminating December 

30, 1849, more than 42} per cent. 
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It would be interesting to ascertain the proportion of the gross 
revenue of railways which proceeds from the different classes 
of traffic. The more recent railway returns, however, supply 
DO data for such a computation. 

Until 1847 the railway commissioners published annually re- 
ports of the traffic, containing some useful details, but since that 
year nothing appears in the reports except a general summary 
of the traffic, which for statistical purposes is almost useless. 
I have taken from the returns for 1847 data which have enabled 
rae to calculate approximately the proportion of the receipts * 
arising from certain objects of traffic. This is exhibited in the 
following table : 



Tabular Analysis showing the Proportion in which the Gross Revenue 
proceeding irom the Railways of the United Kingdom arose from cer- 
tain Classes of Traffic daring the Twelve Months ending Jane 30, 1847. 



Receipts. 



Passengers, 1st class » 

„ sd class' 

„ 3d class 

Merchsadise 

Catrie 

Sieep .- 

Pigs 

Horses , 

Private carriages 

Baggage, parcels, and mails 

Sandries not classed 

Grand total 



£. 

1,725,759 

2,098,080 

1,324,163 

2,606,393 

71,482 

53,091 

23,718 

78,549 

52,521 

377,290 

99,840 



8,510,886 



Per Cent, 
of Total 
Receipts. 



20-3 

24-6 

15*5 

30-8 

0-8 

0-6 

0-3 

0-9 

0-6 

4:4 

1-2 



100-0 



It appears from this table, that in the year referred to, the 
passenger traffic constituted 60 per cent, of the gross revenue, 
the goods traffic nearly 31 per cent., the remainder arising from 
baggage, parcels, &c. It also appears that the live stock and 
carriages constitute but an insignificant fraction of the revenue, 
not exceeding 3 per cent. 

A most instructive and interesting light might be thrown on 
the circumstances which determine the phenomena of railway 
traffic, by exhibiting the relations developed from year to year 
between the receipts, expenses, and profits^ and the length of 
the railways, the movement upon them, and the capital involved 
in them. But, unfortunately, I have not been able to obtain 

L 
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any authentic or exact data of a general nature for this purpose. 
The receipts alone are ascertainable with ^precision ; the ex- 
penses and profits are left to conjecture. The movement on 
the railways might be exhibited by the mileage of the trains : 
but we have these only for particular periods and particular 
railways. It happens, however, that, in all the cases where 
this mileage is given, there is a remarkable accordance in its 
ratio to the receipts.-^ By dividing the one by the other, we find 
an almost invariable quotient; the conclusion from which is, that 
the average receipts per mile run on the railways for which 
authentic returns are given of the running of the trains are 
uniform. In the absence, therefore, of exact data, we may 
assume, as a means of approximation which can not widely err, 
that on the railways, taken collectively, the receipts bear this 
proportion to the mileage of the trains. On this hypothesis I 
shall therefore calculate the receipts per mile run by the trains 
on all the railways. 

To find the proportion of the receipts to the capital expended, 
I shall assume that the average cost of the railways open at each 
successive period was at the rate of «£40,000 per mile. (See 
page 69.) 

I have therefore calculated the following table (see page 243) 
on these hypotheses, in the successive columns of which are 
given the average receipts per day, per mile of the lines open, 
per mile of the trains run, and per cent, of the capital eq:. 
pended. | "?. 

It appears, from the result of this computation, that the daily 
receipts per mile were £6 lis, in 1843 ; that they augm^ted 
until 1846, when they amounted to o£8 lOs.; and that since that' 
date they have regularly diminished, having fallen to «s66 2^. i^ 
the last six months of 1848. 

It also appears, that the gross receipts on all the railways 
collectively have never amounted to eight per cent, of the 
capital expended. In 1846, when they bore the highest pro- 
portion to the capital, they amounted only to «£7 145. 7d» per 
cent. Until that year the proportion had increased, having been 
X6 Is. 9d. in 1843. Since that epoch the proportion has con- 
stantly diminished, being only d£5 12^. 9d, per cent, in the last 
six months of 1848. 

Id a former chapter I have shown that the increase of the 
transport has not kept pace with the extension of the railways. 
This conclusion may be further illustrated by comparing the 
receipts from the different classes of traffic with the extent of 
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Table showing the Proportion of the Receipts on the Railways of the 
United Kingdom to their Length, to the Movement of the Traffic upon 
them, and to the Capital expended diL>them. 



Year ending. 



June 30, 1843. 

Passengers 
Goods 



Total. - 



June 30, 1844. 

Passengers. 
Goods 



Total... 



June 30, 1845. 

Passengers 
Goods 



Total... 



Jane 30, 1846. 

Passengers. 
G^oods 



Total... 



Jane 30, 1847. 

Passengers 
Goods 



Total... 



June 30,1849. 

Passengers 
Goods 



Total. 



Six mouths ending Dec. 31, 
1848. 

Passengers 

Goods 

Total ... 



Total 
average 
Receipts 
per Day. 



8,521 
3,903 



12,424 



9,422 
4,481 



13,903 



10,894 
6,120 



17,014 



12,945 
7,781 



20,726 



14,105 
9,213 



23,318 



I.'), 671 
11,543 



27,214 



17,980 
13,488 

31,468 



Average' 
Receipts 
per Mile ef 
Railway. 



£. 

4-6 
2-1 



6-7 



4-8 
2-3 



7-1 



51 

2-8 



7-9 



5-3 
3-2 



8-5 



4-6 
30 


7-6 



41 
30 



7-1 



3-5 
26 

61 



Average 

Receipts 

per Mile 

ran by 

Trains. 



». 

70 
70 



7-0 



70 
7-0 



7-0 



70 
70 



7 



7-0 
70 


70 



70 
70 



70 



7-0 
70 

7 



Average 

Receipts 

per Cent. 

of Capital. 



4-18 
1-91 



609 



4-39 
209 



6-48 



4-60 
2-59 



7-19 



4-83 
2-90 



7-73 



4-25 
2-77 



7-02 



70 
70 


70 



3'74 
2-75 



6-49 



3-23 
2-41 

5-64 
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the railways on which this traffic was carried. I have done this 
in the following table : 



Tabular Analysis showing the Proportio& which the Increase of Re- 
ceipts has horne to the Increase of Railways open daring the Six Years 
and a Half ending December 31, 1848. 


■ 

Twelve months ending Jane 30, 1843. 
Fassenfrers. i st class 


RaUway 

open 

Miles. 


Daily 
Receipts 
per Mile. 


Increase 
Cent 


Decrease 

J*' 

Cent 


'1857 

J 

1952 

-2148 

'2441 
J 

• 3036 
) 


204 
1-92 
0-62 






2d class........... 


3d class 


Total 

Goods ..... - 


4-58 
2-13 


Grand Total.. 

Twelve months ending Jane 30, 1844. 
PasaenGTers. 1st class ....... 


6-67 


2-11 
201 
0-71 


3-50 
4-75 

14-75 




2d class........... 


3d class .. 


Total 

Goods 


4-83 
2-30 


5-30 
800 


Grand Total.. 

Twelve months ending Jane 30, 1845. 
Passengers, 1st class 


7-13 


6-60 


2-05 
214 
0-86 


6*50 
21-00 


300 


2d class 


3d class 


Total 

Gk)od8 


505 
2-85 


4-50 
2400 


Grand Total.. 

Twelve months ending Jane 30, 1846. 
Passensers. 1st class........... 


7-90 


10-70 


1-90 
2-20 
1-20 


3*«00 
39-50 


8-00 


2d class 


3d class 


Total 

Goods 


5-^ 
318 


5-00 
11-75 


Grand Total.. 

Twelve months ending Jane 30, 1847. 
Passengers, 1st class . .. 


8-48 


7-20 


1-56 
1-89 
1-20 


... 


92-00 

16-25 

OHM) 


2d class ........ 


3d class 


Total 

Goods 


4-65 
304 


14-00 
4-70 


Grand Total.. 


7*69 


11-20 
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Twelve months ending June 30, 1848. 
Passenirers, 1st class ...... 


Railway 

open 

Miles. 


Daily 
Receipts 
per Mile. 


Increase 
Cent. 


Decrease 

per 

Cept. 


, '3816 
J 

-5007 
• 


£, 

1-29 
1-70 
1-13 

• 


••T 


- 

21-00 

11-00 

6-00 


2d class .. 


3d class........... 


Total 


4-12 
3-02 


12-80 
0-66 


Gk)ods .... _ 


Grand Total.. 

Six months ending Dec. 31, 1848. 
Passengers, 1st class 


7-14 


7-75 


1-10 
1-49 
1-00 


* • « 

• * « 


17-00 
14-00 
1300 


2d class . . 


3d class 


Total 

Goods 


3-59 
2-70 


14-75 
11-75 


Grand Total.. 

1 


6-29 


13-50 



It appears from this table that after 1846, when 2600 miles 
of railway were brought into operation, every species of traffic 
began to decrease in proportion to the length of the railway 
worked. The receipts per mile from first-class passengers com- 
menced first to decrease in 1845, as compared with 1844, and 
the decrease of revenue from this class per mile of railway rap- 
idly augmented from year to year, being in 1846 8 per cent., 
and in 1847 and 1848 22 per cent. It-is observable also that 
the proportionate increase of receipts from third-class passen- 
gers was considerably more rapid than the other classes until 
1846, when it was nearly 40 per cent, more than in the preced- 
ing year; and in accordance with this, the decrease of revenue 
per mile from this class was less than the decrease upon the 
other classes in the succeeding years. 

The revenue proceeding from goods per mile of railway 
underwent considerable change, increasing until 1846, and de- 
creasing afterward. Its augmentation was more rapid, and its 
decrease slower, than the revenue from passengers. 

Thus it appears that goods and third-class passengers supply 
a more steady revenue in general, in proportion to the length 
of the lines worked, than the other classes. 

It would be highly important, if we possessed the necessary 
data for the purpose, to exhibit a classified analysis of the re- 
ceipts, expenses, and profits on the English railways, showing 
the amounts of these respectively for each class of traffic and for 
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every distance ; but, as we have more than once observed, the 
scanty and insufficient reports issued by the directors of English 
railways supply no means of forming such an analysis. 

As an example, however, of this I have obtained from the 
official reports of the Belgian railways the necessary data for 
this purpose. I have therefore given in the following tables the 
receipts, expenses,. and profits, total and per mile, on the Bel- 
gian railways for the year 1844. 



Tabular Classification of the Receipts, Expenses, and Profits of the 
Belgian Railways during the Year 1844. 



Classified Traffic. 



RECEIPTS. 

Passengers, 1st class. 

„ 2d class . 

„ 3d class . 

Baggage 

Parcels - 

Horses - 

Carriages -.., 

Goods 

Cattle (large) 

„ (small) 



Total Receipts. 



It 



EXPENSES. 

Passengers, 1st class. 

2d class . 

3d class . 

Baggage 

Parcels 

Horses -» 

Carriages 

Goods 

Cattle (large)., 

„ (small) 






Totid Expenses. 

PROFITS. 

Passengers, 1st class 

2d class 

3d class 

Baggage 

Parcels 

Horses _ 

Carriages 

Goods 

Cattle (large) 

„ (small) 

Total Profits. 



Denomi- 
nation. 



Nxlmber 
11 

Tons 

11 
Number 

11 

Tosi 

Number 

11 



Number 

11 ' 
11 
Tons 

11 
Number 

Tons 
Number 



Number 
11 

Tons 

11 
Number 

Tons 
Number 
- f» 



Total 
Receipts. 



£. 

63,645 

88,742 

92,853 

15,789 

37,526 

1,680 

8,253 

130,645 

2,557 

737 



442,427 



22,534 

25,898 

36,938 

13,862 

20,015 

1,106 

3,576 

95,723 

1,609 

627 



221,888 



41,111 

62,844 

55,915 

1,927 

17,511 

574 

4,677 

34,922 

948 

110 



Receipts per 
Unit booked. 



820,539 



8. 

4 

2 



36 

21 

24 

67 

5 

5 





d. 

0-00 
1-25 

11-75 
7-00 
8-00 
5-00 
600 

10-00 
200 
4-75 



1 





30 

11 

15 

28 

4 

3 





4-50 
7-10 
4*50 
9-00 
1-00 
500 
100 
1-00 
220 
0-40 



2 
1 

5 

10 
9 

39 
1 
1 




7-50 
6-15 
7-25 
10-00 
7-00 
000 
500 
900 
9-80 
3-35 



Receipts 
per Unit 
per Mile 
carried. 



d. 

112 
0-90 
0-55 
8-35 
4-82 
2-70 
900 
1-57 
1-10 
Oil 



0-38 
0-25 
0-19 
7-10 
2-50 
1-70 
3-75 
110 
0-65 
009 



0-74 
0-65 
0-36 
1-25 
2-32 
100 
5-25 
0-47 
0-45 
0*02 
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It must be observed, however, that in estimating the expendes 
per head, or per ton per mile, expenses which are chargeable 
upon the traffic independent of distance, such as the expenses 
of the stations, are shared among the traffic according to the 
average distance traveled by each class. 

The chief financial object to which the vigilance and. skill of 
those who direct the affairs of the railways ought to be directed, 
must be to render the render the ratio of the gross receipts to 
the gross expenses as great as possible ; and this economical 
problem is of a complex and difficult character, involving all the 
points of railway management which require the greatest sagacity 
and experience^ 

Let us consider the elements upon which the amount of the 
gross receipts depends, and the circumstances which govern its 
variation. 

The gross receipts depend on, 

1. The average tariff of transport per raile imposed on each 

unit carried. 

2. The average number of miles over which such unit' is 

transported. 

3. The total number of such units which are carried. 

It is evident that the gross receipts may be augmented by the 
increase of any one or more of these quantities, the others re- 
maining unchanged. 

But over the second and third the managers of the railway ^^ 
have no direct control. They can not compel the traffic to ^ 
come, nor when it does come can they prescribe the distance 
which it may require to be transported. These two elements, 
then, can only be indirectly influenced by that element of the 
traffic over which the managers have the most direct and abso- 
lute control, viz., the average tariff per mile exacted for the 
transport. 

The problem, therefore, which presents itself for solution, is 
to investigate the manner in which the quantity of traffic offered 
to the railway, and the average distance to which it is trans- 
ported, can be influenced by the charge per unit per mile, or 
the tariff" to which it is subjected. Let us consider the effects 
and limits of this influence. 

It is evident that, by lowering the tariff, the quantity of traffic, 
as well as the average distances, will be augmented, and this 
increase will go on even if we were to carry the diminution of 
the tariff to the extreme length of extinguishing it altogether, 
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and transporting the traffic gratuitously. But at this imaginary 
limit the receipts would be nothing. 

On the qontrary, if the tariff be augmented continually, the 
quantity of traffic, as well as the average distance it is to be car- 
ried, will be continually diminished ; the magnitude of the 
charge being such as a less and less quantity of traffic is. capable 
of bearing. A limit will at length be attained, at which the 
traffic will altogether vanish, the tariff becoming so great, that no 
objects can bear it. Here, again, the receipts become nothing. 

Thus it appears that, at the two limits of a vanishing tariff 
and a prohibitory tariff, the receipts are nothing. Between 
these, the gross receipts vary, augmenting as the tariff is dimin- 
ished from its prohibitory amount to a certain point, and, after 
passing that point, diminishing until they vanish altogether with 
the tariff. 

With a vanishing tariff, the traffic is a maximum, but the re- 
ceipts altogether vanish ; with a prohibitory tariff, both the 
traffic and receipts vanish. 

The^ relation between the variations of the tariff, and that of 
the receipts, may be illustrated by a simple diagram. 

Let distances be taken along the horizontal line OX, repre- 
senting the successive values of the tariff, and let perpendicu- 
lars, corresponding to these distances, be taken representing the 
corresponding amounts of the gross receipts. These perpen- 
diculars will terminate in a curve, which will indicate the varia- 
tion of the amount of the gross receipts. 

Let us take OX to represent the prohibitory tariff, which 
would cause the traffic and receipts to vanish together. Let 
Omhe any other value assigned to the tariff, and let mp repre- 
sent the corresponding amount of the gross reoipts. 

If we assign to the tariff any value, such as Om'", less than 
the prohibitory value, there will be, a certain amount of traffic 
and a certain amount of receipts. Let the amount of receipts 
be expressed by the perpendicular, m'" p'". 

Now, if a less value still be assigned to the tariff, such as 
Om"i the receipts will be augmented, because the influence of 
the increased number of objects booked, and the increased dis- 
tances to which they are carried, owing to the diminution of the 
tariff, will have a greater effect in increasing the gross receipts 
than the reduction of the tariff ha? in diminishing them. By 
thus gradually diminishing the tariff, the traffic will increase 
both in quantity arid distance, and the gross receipts will be 
placed under the operation of two contrary causes, one tending 
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to increase, and the other to dimioish them. So long as the in- 
fluence of the former predominateSi the gross receipts will in- 
crease ; but when the effect of the- reduction of the tariff count- 
erpoises exactly the effect of the increase of traffic in quantity 
and distance, then the increase of the gross receipts will cease. 
After that, the influence of the reduction of the tariff in dimin- 
ishing the receipts will predominate over the influence of the in- 
creased traffic in augmenting them, and the consequence will be 
their diminution. 

This effect is illustrated by the diagram. 
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While the distances Om'", Om", &c., are gradually dimin- 
ished, the perpendiculars m'" pf*' and m*' p' &c. gradually in- 
crease, and the curve rises ; but when the distance from O, 
representing the tariff, is reduced to OM, then the perpendic- 
ular ceases to increase, and has attained its maximum, which is 
M P. At this point the curve ceases to rise, and when the dis- 
tance representing the tariff is further diminished, as at Om^ 
then the perpendicular m' p' is diminished, and the curve de- 
scends, for in this case the influence of the diminished tariff 
predominates over that of the increased traffic and produces 
diminished receipts. This goes on as the tariff is farther dirniq- 
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ished, and the carve descends toward O. The perpendiculars 
representing the receipts continually diminish, and wh^n the 
tariff vanishes, that is, when m arrives at O, the perpendicular 
itself vanishes, the receipts disappear, and the curve descends 
toO. 

Thus it appears that, while the tariff is gradually augmented 
from its vanishing to its prohibitory point, the gross receipts 
gradually increase, arrive at a maximum, and then gradually 
diminish, and finally vanish. 

The problem which the railway manager has to solve, for each 
description of traffic, is the discovery of the point at which the 
gross receipts are a maximum. It is to adjust the tariff so 
nicely, that the influence of its gradual increase in diminishing 
the receipts shall be precisely balanced by tl^e influence of the 
traffic in augmenting them. 

But it is not enough to consider the influence of these circum- 
stances on the receipts. It is necessary, also, to have regard to 
the expenses; for it is on the excess of the receipts above the 
expenses that the commercial prosperity of the enterprise will 
depend. 

The gross expenses may be considered as consisting of two 
parts : 

1. The expenses which are independent of the distances to 
which the objects of traffic are carried. These are, the expenses 
of direction and management, the maintenance of the way and 
'vC'orks (except the small part of this expense which relates to 
the wear of the iron- work of the road), and the expenses of the 
stations. 

2. The expenses which are in the direct ratio of the distances 
to which the objects of traffic are transported. These are the 
expenses of the locomotive power.and the carrying stock. 

The former being independent of the transport, properly so 
called, will be the same, however the average distance to which 
the objects of traffic are transported may vary ; and even though 
that distance were reduced to nothing, as would be the case 
with a prohibitory tariff, this class of expenses would still remain 
unaltered. Every increase of traffic produced by a diminishing 
tariff will produce an increased expense ; and this will continua 
until we attain the imaginary limit of a vanishing tariff,* when 
the expense will become a maximum because the traffic becomes 
a maximum. ;• 

To illastn&te farther, by the aid of the diagram, the relation 
o£the receipts and expenses, let us take the imnginarj^limit of 
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a vanishing tariff, and suppose that the traffic is carried gratui- 
tously. Even in this case, however, the amount t)f the traffic 
will not be unlimited. 

A railway which should offer transport for nothing, would 
still find only a limited number of passengers and a limited 
amount of goods demanding the change of pla6e which it offers. 
Let us suppose that the expense of this gratuitous traffic ib 
represented by the perpendicular O Y. 

Even when the traffic altogether vanishes by reason of the 
prohibitory tariff represented by OX, there is still an amount 
of expense. Let that amount of expense be represented in the 
diagram by Xy. Thus we have represented the two extreme 
limits of the expenses, O Y representing the expenses which 
would correspond to gratuitous transport, and X^ representing 
the expenses which would correspond to a prohibitory tariff. 
The curve, representing the expenses in a manner analogous to 
that which has been already explained -in reference to the re- 
ceipts, is here represented by a dotted line extending from 
Y to y. The expense attending the traffic, which would corre- 
spond to the tariff represented by Om, will thus be represented 
by mq; the expenses of the traffic corresponding to the tariff 
Om' will be represented by m'q', &c. 

Now, 60 long as the dotted curve lies above the continaotls 
curve, m q will be greater than mp ; or, what is the same, tbe 
expenses will be greater than the receipts, and the railway will 
be worked at a loss ; but wherever the dotted curve lies below 
the continuous curve, then the perpendiculars representing the 
receipts will be greater than those representing the expenses, 
and there will be a profit. 

The curve of expenses interseccs the curve of receipts at two 
points, s and 5^ which lie on opposite sides of the point P of 
maximum receipts, and which correspond to the tariffs repre- 
sented by On and On'. At these points of intersection the 
same perpendicular which represents the receipts also repre- 
sents the expenses, and the expenses are therefore equal to the 
receipts ; so that there is neither profit nor loss. 

From O to 5, that is, from a. vanishing tariff to a tariff On 
which renders the receipts and expenses equal, the curve of 
expenses is above the curve of receipts, the expenses ftre great- 
er than the receipts, and the railway is worked at a loss. From 
s to P, the curve of receipts lies above the curve of expenses, 
and the perpendicular representing the receipts is continually 
increasing, while the perpendicular representiog- the expenses 
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is continually diiiuDishin^; consequently the difference of the 
two, which represents the profits, is continually increasiog. 

In passing from P toward s', the perpendicular representing 
the receipts diminishei3, but the perpendicular representing the 
expenses lilio diminishes. A question therefore arises, as to 
whether the profit^ represented by the difference of these per- 
pendiculars, both diminishing, will increase, diminish, or remain 
stationary. It may be easily shown that in starting from P, 
the perpendicular representing the expenses will diminish more 
rapidly than that which represents the receipts ; and, therefore, 
the difference of the two perpendiculars which represents the 
profits will increase. It consequently follows, that the point 
of maximum receipts is not the point of maximum profit, but 
that this latter point will be found somewhere between P and «', 
at a point to be determined by ,the condition that the two per- 
pendiculars, one representing the receipts and the other rep- 
resenting the expenses, shali decrease at the satn» rate. 

This may be geometrically expressed by stating it to be the 
point at which the two curves become parallel to each other. 
After passing this point, the perpendicular representing the 
receipts will diminish faster than that which represents the 
expenses, and the profits will diminish. 

It is therefore demonstrable ti^at the point of maxmum 
receipts is not the point of maximum profits; but that this latter 
point lies between the point of maximum receipts and a prohib- 
itory tariff. 

To determine this point of maximum profits rigorously, it 
would be necessary to express the strict arithmetical relation 
between the tariff and th« traffic. Now this relation will be 
different for every different railway, and for every diflferent 
class of traffic on the same railway ; and therefore it admits of 
no general expression. It is a point wliich only can be determ- 
ined by tentative means; and in adjustuig the tariff so as to cor- 
respond to it, the highest managerial skiU will be shown. 

Although the strict arithmetical connectioa between the tariflf 
and the traffic does not admit of any general expression, we 
may nevertheless trace some particular relations which will 
supply practical illustrations of the principles we have adverted 
to. We shall take as an example the goods traffib. 

Let r express the tariff imposed per mile on each ton of goods 
carried. 

Let D express in miles the average distance to which each 
ton of goods U^mumed, 
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Let N express the narnber of tons of goodji booked. \\ ^ 
Let K express the gross receipts proceeding from the trans- 
port of goods. 

The average receipts produced by each ton of goods carried 
will then be expressed by 

D X r, 

and the total receipts will be 

R = N X D X ^« 

In like manner, let the actual cost of transport for goods,^ 
properly so called, per ton per mile be expressed hy e, this 
being understood to include locomotive power and the expenses 
of the carrying stock. 

The cost of carrying each ton booked will then be 

D X «, 
and the cost of carrying all the merchandise booked will be 

N X D X c. 

Let the expenses which are independent of the movement 
of the. traffic, and which consist of the share of direction and 
management, the way and wpfks, and the stationSiT chargeable 
to the goods traffic, be expressed by £^ and let the total ex- 
penses chargeable to the same traffic be £. We have then 

E = E'-|-NxDxc. 

The expense chargeable to each ton of goods booked will be 

E E' ^ 

r 

If the profit be expressed by P, we shall have 
P = R — E = ND(r — c) — E', 

and the profits on each ton booked will be 

P IT' 

This is equivalent to stating that the profit realized on each 
ton booked is found by multiplying the difference between the 
tariff and the expenses of transport per mile by the average dis- 
tance to which the ton is carried, and subtracting from the pro- 
duct the expenses which are independent of the' dlMance. 

A 
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The several quaDtities which enter the preceding formula 
reciprocally influence each other in a manner which it is im- 
portant to notice. 

Any diminution of r (the tariff) must produce an increase 
either of D (the distance to which the traffic is carried), or of N 
(the quantity of traffic), or of both of these. 

The increase of D will produce a decrease of e, the average 
expense of transport per mile ; for, in general, the greater the 
quantity of locomotion, the less will be the rate per mile at 
which it can be executed. 

The increase of N will produce a proportionate decrease of 

E' 

^, and a corresponding increase of the profits per ton j>ooked. 

If the decrease of (r — e) be in a less ratio than the conse- 
quent increase of D, then an increase of D (r — e) must take 

E' 
place ; and since the same cause produces a decrease of — -, an 

N 

increase of the profits per ton booked must ensue. 

But even though the increase of D should not be in a ratio 
greater than the decrease of (r — e), an increase of the profits 

per ton must ^nsue in consequence of the decrease of ^^ . 

In each of these cases, therefore, a diminution of the tariff 
would be productive of augmented profits. 

To illustrate this, let. us take the case of the Belgian railways, 
on which each ton of goods was carried the average distance of 
45 miles, and produced an average receipt of 70d» 

The expenses chargeable upon it were 5ld., of which 3Ad. 
were independent of the distance, and 17d. dependent on it. 

t> 

Hence we have in this case D = 45 and — = 70d» 

N 

Hence it follows that 

d. 

ND 45 
We have also D x « = 17 d,, and therefore 

d» , 

17 
e = 4 = 0-377 ; 
45 

E' 
and since -^ =?= 34(^., we have - 
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p d. 

^ = 45 X (1-55 — 0-377) — 34 = 18-65. 

d. 
The net profit per ton booked was therefore 18-65. 

The manoer in which any proposed reduction in the tariff 
would augngent the traffic, either as to quantity or distance, 
can not be determined in a definite manner by the preceding 
formula; nor could it be by any formula whatever, inasmuch 
as the solution of the question would depend on conditions pe- 
culiar to each railway and each class of traffic. 

If we assume, however, that it be required to reduce the 

tariff (r) so that, producing the same net profits [i^ J per ton 

carried, the average distance (D) to which each ton is trans- 
ported be augmented in any assigned proportion, we may 
approximate to the required tariff by taking the expenses per 

ton (— ], which are independent of the distance, at the same 

amount as at present. This will not be strictly time, because 
the reduction of the tariff would necessarily augment the amount 
of the traffic, unless counteracted by some other condition, and 
therefore the tariffs which we shall obtain will be a little higher 
than those which would give the same profits per ton. 

Let us suppose that the average distance to which each ton 
is carried is augmented from D to DS and that the tariff is re- 
duced from r to r', the profits remaining unchanged ; we shall 

then have 

P V 



P E' 



and therefore 



D(r — c) = D'(r' — e). 

From what has been stated, we have on the Belgian railways 

D = 45, 
r = 1-55, 
e = 0-377. 
Hence we have 

52-78 = D' (r' — 0-377) ; 
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and therefore 



r =: 



SQ-TS- 



D' 



4- 0-377. 



By this formula we can compute the value of the tariffs, r', 
which correspond to any increased distances, D'. 

In the following table such a computation is exhibited. In 
the fourth column a series of increasing distances are given. 
In the third column are exhibited the corresponding values of 
the tariff. In the fifth column is given the total receipts which 
would be obtained for each ton booked; andin the sixth column 
the total expenses. In the seventh column are given the ex- 
penses per ton per mile. 

By this'last column is rendered apparent the increased saving 
per mile on the expenses of transport produced by the augment- 
ed average distance. 



Cost of 
Transport 
per Mile. 


Expenses 
per Ton 
booked in- 
dependent 
of Distance 


Tariff per 

Ton per 

Mile. 


Average 

Distance 

carried. 


Total 
Receipts 
per Ton 
booked. 


Total 

Expenses 

per Ton 

booked. 


Total 

Expenses 

per Ton 

per Mile. 


e 


E' 

N 


r 


D 


R 

N 


E 

N 




f 
0-377 . 


340 • 


1-55 
1-43 
1-33 

1-19 
1-13 
1-08 
1-04 
1-00 
0-96 
0-93 
0-92 


45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 


69-7 
71-5 
73-2 
750 
77-5 
791 
81-0 
83-2 
85-0 
86-4 
88-3 
920 


50-9 
52-8 
54-7 
56-6 
58-5 
60-4 
62-3 
64-2 
66-1 
68-9 
69-8 
71-7 


M3 
105 
0-99 
0-94 
0-90 
0-86 
0-83 
0-80 
0-78 
0-76 
0-74 
0-71 



From this table it appears that if the average distance to which 
each ton of goo(is is transported were doubled, a tariff 50 per 
cent, less than the present would yield the same amount of 
profit per ton carried as is now obtained ; and if a less reduction 
of the tariff would produce this augmented distance, an increased 
profit would arise both from the increased quantity of goods car- 
ried, and from the increased average distance. 

It may be useful here to repeat that it is assumed in the sec- 
ond column that the constant expenses remain the same, not- 
withstanding the gradual reduction of the taiiff. 

It is evident, however, that these expenses must be diminished. 
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inasmuch as the divisor by which they are obtained, being the 
number of tons booked, must be augmented by the reduced 
tariff. 

We have used in the preceding investigation the letter r, to 
express the average tariff, implying thereby that the rate of 
charge per mile upon the same class of traffic is liable to varia- 
tion. This variation forms a question of capital importance in 
railway economy, and one which is too often overlooked. 

It has been more than once demonstrated in the preceding 
chapters, that the cost of railway transport, of any class of traffic, 
is not in the ratio of the distance to which it ia transported. A 
portion af the expenses is independent of the distance, and, con- 
sequently, it follows that the expenses chargeable per mile upon 
any object of transport will be less as the distance to which it is 
transported increases. It is evident, therefore, that, consistently 
with realizing the same proportion of profits upon the business 
executed, a railway company can always afford to reduce the 
charge per mile in a greater or less proportion as the distance 
increases. 

The distance to which any class of merchandise admits of 
being transported, will depend on the charge which such object 
will bear in the market, in addition to its cost of production. 
This is a limit which can not be surpassed, and this limit, com- 
bined with the rate per mile charged for the transport, will 
determine the radius which limits the market of the producer. 

Thus, if we suppose that a certain description of merchandise 
will bear, in addition to the cost of production, a charge of IO5. 
per ton, then such article will bear to be transported from the 
place of production a number of miles, determined by dividing 
10s. by the tariff per mile. If the tariff, for example, be Ic?. per 
mile, such an object would bear to be carried 120 miles, without 
surpassing the limit of price which would become prohibitory in 
the market. 

It is clear, therefore, that every reduction which can be made 
on the tariff, affecting the larger class of distances, will have the 
effect of increasing the area over which the producer can carry 
on a profitable business, and will proportionally increase the 
available traffic of the railway. For lesser distances, the reduc- 
tion of the tariff will only have the effect of augmenting the 
quantity of the articles transmitted, and this can only be effected 
in the proportion which the reduction of the tai'iff can effect a 
diminution of price in the market. 

A due consideration of these circumstances will easily demon- 
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strate the advantage which raust result to the railways from 
such a graduated tariff as would favor transport to greater dis- 
tances. Let us suppose an article transported to a distance of 
20 miles, at the rate of 2d. per ton per mile. The total cost of 
transport of this article woqld be 40d» Let us suppose its price 
in the market to be 100s, The cost of transport would then 
amount to 31 per cent, of the market pric^. Now let us suppose 
that on the transport of such an article a reduction of ,10 p»er. 
cent, were made. This would reduce the cost of transport to 
36d.i or 3 (ler cent, of the market price. The difference to the 
consumer would, therefore, be only l per cent., while the dif- 
ference to the carrier would be 10 per cent. The loss, there- 
fore, to the railway, would be thirty times tlie amount of the 
gain to the consumer. It is clear that such a reduction would 
be inexpedient. 

But suppose the same article to be transported 120 miles, the 
cost of its transport would then be 240^^., or 20s, ; and suppose 
that it is sold in the market for 120^., paying the producer 100^. 
and the carrier 20^.; and suppose this 20^. to be the utmost 
increase of price which the article will bear : a radius of 120 
miles would therefore be the limit of the market which the 
railway can supply to the producer. 

Let us again suppose that a reduction of 10 per cent, be made 
on the transport, and that the rate per mile be reduced from 
2d, to l*8d. An addition of 20 per cent^, or 20s., to the 'cost of 
production, will now carry the article to a distance of 132 miles 
instead of 120 miles, because the radius which determines the 
market of the producer will thereby be increased by 12 additional 
miles, or in the ratio of 10 per cent. 

Although, therefore, a reduction of 10 per cent, on the market 
price, which in this case would amount to only 2s, upon an arti* 
cle costing 120^., would have an inappreciable effect on the 
quantity consumed, yet the extension of the market by the 
additional distance to which the object can be conveyed would 
have a very important effect, especially if within such increased 
radius there existed centres of population where a demand might 
exist. 

But if we suppose these circumstances to prevail in a country, 
such as certain districts of England, closely reticulated by rail- 
ways, the increase of the market would be not in the simple 
ratio of the increased radius of transport, but in the ratio of its 
square, as has been explained generally in the first chapter of 
this volume. 
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The effect which the increase of the average distance to which 
the traffic is transported has in reducing the cost of transport 
per mile, is strikingly illustrated in the fburth and seventh col< 
umns of the preceding table. By comparing numbers in these' 
columns, we find that the following are the rates at which the 
expenses of transport per mile are decreased, corresponding to 
the rates of increase of the distances, upon the actual average 
distance of 45 miles on the Belgian railways : 



Increased Percentage 

of the present average 

Distance. 


Gorrespondlng Decrease 

per Cent, of tbe present 

Cost of Transport per 

BiUe. 


11-1 

22-2 

33-3 

44-4 

55-5 

66-7 

77-8 

88-9 

100-0 

111-1 

122-2 


7^ 
12-4 
16-8 
20-4 
23-9 
26-6 
29-2 
310 
^ 32-7 
34-5 
37-3 



It follows, therefore, that for traffic generally, but more es- 
pecially for every description of merchandise and of live stock, 
a tariff graduated upon the principle of diminishing as the dis- 
tance transported increases, must be the source of largely aug- 
mented profits, and by these means the gross receipts of a rail- 
way may be increased, while the average amount of the tariff 
may remain unaltered. 

Recurring to the arithmetical symbols which we have adopted 
to express the gross receipts, 

R = r X D X N, 

it will be apparent that the tariff may be so regulated that the 
average value of r shall remain the same, while the tariff imposed 
on objects carried to considerable distances is diminished, that 
which is imposed on objects carried to lesser distances being 
proportionally increased. By such means the number expressed 
by D, which is the average distance to which the objects of 
traffic are carried, will be augmented ; and if this modification 
of the tariff be managed with such skill that the multiplier N, 
expressing the total number of objects booked, shall not be 
diminished, then the gross receipts, R, will be augmented \h the 
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same ratio as the average distance, D, although no change has 
taken place in the average amount of the tariffs r. 

It may be cootended that the increase which must,, in this 
case, take place in the tariff imposed on short distances, will 
have the effect of diminishing the number of objects booked for 
such distances, and that the diminution of tariff which favors 
objects carried to great distances will not altogether counteract 
this effect. This may be admitted to be true in some cases, or 
even generally; but with skillful management the diminution 
of the multiplier N will not be so great as the increase of the 
mi^tiplier D, so that the effect, of the latter will prevail over 
the former, and therefore there will still be on the whole an 
increase. 

But even in this case, in which the diminution produced on 
the multiplier N, or the number of objects booked, will balance 
the effect of the augmented distance, and therefore the gross 
receipts will not be increased, the gross profits nevertheless will 
be augmented ; for it has been demonstrated that greater profit 
is made, other things being the same, on long than on short 
traffic. 

It is not alone by reference to distance, however, that the 
regulation of the tariff may be rendered conducive to the in- 
crease of the gross receipts and profits. A field for the exercise 
of managerial skill is presented by the prevalence od the rail- 
ways of a large amount of empty transport and incomplete loads. 
It is well known that traffic has a tendency to prevail more in 
certain directions than in others; the consequence of which is, 
that vehicles of transport which travel with complete or con- 
siderable loads in one direction, return either empty or with 
very imperfect loads in the other. In this case it is clear that 
any objects of transport which might be attached to the empty 
or incompletely loaded vehicles thus returning, would yield a 
profit equal to nearly their entire receipts, for in this case the 
cost of their transport would not exceed the additional fuel, oil, 
and grease which their weight would cause to be consumed in 
the engine, and the additional wear and tear which it would 
produce in the engine, the carriages, and the rails. It has been 
already shown hqw infinitely minute and insignificant this ex- 
pensa would be, and therefore any tariff, however trivial, which 
could be obtained from traffic attached to such vehicles, would be 
profitable. 

The same observations will be applicable, more or less, to the 
traffic which may form the complement of the incomplete loads* 
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It has been already explained that, in the case of merchand- 
ise-wagons capable of carrying five tons, the actual average load 
carried by them is only two tons and a quarter. 

Now the cost which would attend the remaining two tons and 
three quarters necessary to complete their load would be quite 
insignificant. A modification of the tariff^ therefore, which 
would have a tendency to accomplish this, must produce a favor- 
able eflect in augmenting the gross receipts. 

On the Belgian railways great encouragement has, for this 
reason, been ofifered to secure complete loads of the goods trains. 
A liberal reduction of the tariflf is oflfered to all expediters who 
will engage wagons for full loads; and this has been attended 
with most favorable results. 

In the case of passenger trafific, great difficulties exist in tbe 
solution of the problem to obtain complete loads. 

It has been shown that first-class carriages, built to accom- 
modate eighteen passengers, carry on the average only seven ; 
that second-class carriages, capable of accommodating twenty- 
four passengers, carry only thirteen ; and that third-class car- 
riages, having capacity for thirty-two, carry only twenty-one pas- 
sengers. 

The great expense entailed on the railways by this large pro- 
portion of empty or imperfectly loaded vehicles, demands seri- 
ous attention. Although it is evidently impracticable to avoid 
the evil, its magnitude may be diminished by judicious manage- 
ment. 

Something may be accomplished in mitigatiob of it by a care- 
ful classification of the passengers in carriages according to tha 
distances they have to travel; passengers having the same desti- 
nation being as far as possible placed in the same vehicle. This, 
combined with a proper distribution of the carrying stock among 
the stations, and facilities for attaching and detaching the car- 
riages there, without objectionable delay, may do much toward 
its mitigation. 

A part of this evil arises from the passenger coaches of differ- 
ent classes being always independent of each other. Thus, if a 
single first-class passenger presents himself, no raom being avail- 
able in a first-class carriage composing the train, it will be neces- 
sary to attach a first-class carriage, having accommodation for 
eighteen passengers, and weighing four tons or upward, for his 
individual accommodation. 

Nor is this an extreme or imaginary case, but one which I have 
frequently witnessed. This evil has been mitigated on some of 
the continental railways by providing mixed carriages, composed 
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of divisions appropriated to different classes of pasAengers, one 
of these being placed in each train for the purpose of receiving 
the surplus passengers of each class, without the necessity of 
attaching complete vehicles of the several classes. 

Another means of augmenting., the receipts, and diminishing 
the expenses, consists in contriving measures to secure for the 
engines full loads and long trips. An engine loaded under its 
power, or working for a less portion of time than is consistent 
with its capability, wasting fuel and wages, by standing with steam 
up without work, and in lighting and cleaning more frequently 
than is indispensable, is another source of expense needlessly 
increased. 

A good system of management will direct its affairs so as to 
diminish such sources of wasteful expense. 

In relation to this, it may be useful here to investigate, so far 
as there are available data for the purpose, the relation between 
the niileage of the engines and the receipts, so as to exhibit the 
average amount of receipts obtained for each mile run. I have 
exhibited this in the following table, for all the cases of the En- 
glish railways in which I have been able to obtain the engine 
mileage; to which I have added some of the foreign railways, 
to show the comparative results: 



Northwestern Railway, including the Chester 
and Holyhead, Lancashire and Carlisle, Ken- 
dal and Windermere, and North Union. 
For six months ending December 31, 1848. . 

London, Brighton, and South Coast. 

For twelve months ending June 30, 1848. . . 

For six months ending December 31, 1848. . 

„ „ June 30, 1849 

Great Western, including Bristol and Exeter, and 

South Devon. 

For twelve months ending June 30, 1847 . . . 

„ „ June 30, 1848 . . . 

For six months ending December 31, 1848 . . 

Belgian Railways. 

For twelve months, 1844 


Total 

Mileage 

of Elites. 


Orosa 
Receipts. 


Average ZU- 

ceipta per 

Mile rua by 

Engiiu^ 


MiUt. 

3,766,115* 

1,189,295 
691,383 
593,844 

2,664,539 
2.876,108 
1,582,672 

1,.584,532 
1,694,203 
2,027,014 
2,366,885 

1,789,152 
1,917,855 


X. 

1,324,227 

426,512 
255,303 
214,062 

979,754 

1,052,399 

571,799 

442,427 
496,128 
546,236 
593,444 

606,428 
592,682 


«. 

70 

7-2 
7-3 
7-2 

7-4 
7-3 
7-3 

5-6 
5^ 
5-4 
50 

6-8 
6-2 


1845 


1846 


1847 


North of France Railway. 

For twelve months, 1847 


„ „ 1848 




* This is one-half die engine mileage for the 
1849, which I have assumed here, as in former ins 
tion I can obtain to the mileage for the half-year 
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The accordance which prevails in the receipts exhibited ia 
the third column of the above table, is most striking and satis^ 
factory. It appears that the average receipts per mile for the 
distance run by the engines on the English railv^ays is ft little 
more than 75. per mile. 

It will also be observed, that, notwithstanding the increased 
gauge, and oonsequently augmented power, of the engines, and 
capacity of the carriages used upon the Great Western Railway, 
the receipts per mile are not greater on that line than on the 
London and Brighton. 

The inferior amounts obtained per mile on the Belgian and 
French railways, may be ascribed partly to the inferior tariff, 
and partly to the less active traffic. 

In the case of an active traffic in goods, these causes of in- 
creased expense may be, to a great extent, mitigated. More 
frequent departures from the chief termini, than are consistent 
with securing full load€, are not necessary ; but the full loads 
which are thus dispatched consist of wagons having various des- 
tinations along the line, at which they are severally detached, 
and where other wagons are not prepared to be substituted for 
them. Although, therefore, the goods-wains may start full, 
they will arrive, and perform a great portion of their trip, very 
incomplete. 

In the case of passenger trains, frequent departures are indis- 
pensable for the public accommodation ; and it becomes a problem 
of much difficulty to fix such quantity of departures as, on the 
whole, will produce the greatest amount of profit to the railway, 
with all reasonable accommodation to the public. It is clear that 
the more frequent the departures are, the less complete will be 
the load, not only of the engines, but of the carriages. But, on 
the other hand, if the departures were so few as to secure nearly 
complete loads, then a considerable amount of the traffic would 
be lost to the railway. 

We can not advance a step in investigations of this kind, with- 
out being rendered sensible of the disadvantage under which we, 
labor in regard to the English railways. We are left absolutely 
destitute of all statistical data which could afford the slightest aid 
in such inquiries. 

On foreign railways, however, observations have been made, 
which indicate some of the laws which govern the circulation 
both of passengers and goods. 

Thus it is found, generally, that the stream of passenger traffic 
sets in toward all great centres of population, from a certain dis- 
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tance around them, in the early part of the day, and prevails io 
the coDtrary direction in the latter part; produced by the De- 
cessity of the surrounding population visiting such centres during 
the day for the purposes of business, and returning to their 
homes in the afternoon. 

This effect is frequently augmented at certain seasons of the 
year. In great cities, where a considerable portion of the 
population who are in a condition to use the railway reside, 
during the summer, in the environs, places of residence are 
selected adjacent to the different Hues of railway; and such 
persons, being generally engaged in business, arrive by the rail- 
way in the cities in the morning, and leave in the afternoon. 

It would be desirable to pompare the receipts and profits ob- 
tained from year to year by the railway traffic, with the capital 
absorbed by the establishments and stock. We possess no re- 
turns by which we are enabled with precision to assign the 
amount of capital expended on the railways in operation from 
year to year, as distinguished from those which were merely 
in progress but unopened. A general average estimate of the 
cost per mile, however, of the entire length of railway under 
traffic has been already obtained. 

In the following table I have in this manner exhibited the 
proportion which the receipts have borne to the capital dnring 
the six years and a half ending December 31, 1848. 

Assuming the working expenses not to be less than 40 per 
cent, of the receipts, the major limits of the profits from year 
to year are given in the last column. 



Twelve niontha ending 

June 30, 1843 

1844 

1845 

„ 1846 

1847 

1848 

Six ninnths ending Dec. 
31,1848 


Length 
Railway' 


Capital 
Exi*en(led. 


ToUl 
Receipts. 


Per Cent, on CapitaL 


Re- 

ceipto. 


Minor 

Limit or 

Expenses. 


Linutor 
ProAta. 


Milet. 

1857 

1052 

2148 

2441 

3036 

3816 

5079 


74,280,000 
78,080,000 
85,020,000 
97,640,000 
121,440,000 
152,640,000 

205,160,000 


X. 
4,535,189 
5,074,674 
6,209,714 
7,565,569 
8,510,886 
9,033,552 

5,744,965 


6-1 

6-5 
72 

7-8 
7-0 
0-5 

5-6 


S-4 

3-1 
S-8 

2-2 


3-7 
3-9 
4-3 
4-7 
42 
S-9 

34 





These figures show, that, whatever may be tlie advantages 
of particular railways as investments, the aggi'egate of the whole 
presents no signal advantages over other enterprises; and that 
they have been, since I84G, not much more productive to the 




The BilTBiitugea of increnBed expedition, ecoBomy, certttiiiiy, 
antl regutai'ii^ of travaliog presented by railwHyB Lave been re- 
garded by B, large [lart of the public as subject lo a serious draw- 
back, in consequBQce of the terrible cbancter of the accideola 
which A«m lime to time occur. These (lisaiteia have been 
accaaioiially nctendod by circa mBtancee which must naturally 
operate in a very forcible degree on the imaginatlua of all 
persona, and powerfully excite the olarni of the timid.' To 
reduce these feare witjiin reaaonable liraita, it wHl he only 
neceBsary lo invcBtigate the actnal amount of the risk ia railway 
CraTeling; and to dlmiDish an much as practicable the amount of 
thatrisliit will be necessary t« investigate the causes of accidents, 
KQd to deduce from these causes auch rules fiff avoiding them as 
the circumstancBB of the case ahall auggoBt. 

I afaall therefore in the present chapter investigate socceseively, 
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Sect. I— Tftc Chances of Accident- 
The accidents which are incidental to railway traveling way 
be reduced to two classes : 

I. Those which arise D'oiit causes beyond the couttol i>l' the 
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2. Those which arise from his own irapradeoce or want of 
ordinary caution 

The chances of the former admit of calculation as ajcciirate a^ 
those by which the average duration of life is ascertained, and 
which form the basis of the operations of life insurance. 

The chances of the latter vary in each individual case, de- 
pending on the vigilance, the personal temperament and char- 
acter, and often on the degree of sobriety and state of mind of 
the persons exposed to them. Although the occurrence of even 
these, when considered in the mass, admits of calculation on the 
general principles of the doctrine of chances,* our present object 
will be attained by indicating the manner in which individual 
imprudence and neglect of proper precautions contribute to them, 
so as to suggest to the unwary traveler what he should do and 
abstaii^ from doing to avoid accidents which depend solely on 
himself, and to lessen the chances and degree of suffering from 
those which are beyond his control. 

The frequency, as well as the ^avity of each of these classes 
of accident, depends also on the individuals who suffer. The 
agents and servants of the railway, who are employed directly 
and indirectly in the conduct, and management of die trains, 
including those whose duties detain. them on the road,. as well 
as those who travel on the trains, are more exposed to danger 
than the traveler, and it is found that the proportion of fatal 
accidents is larger with respect to this class than in the case of 
passengers. 

It will therefore, in classifying the accidents, be necessary t( 
distinguish not only those which arise from causes beyond tho 
control of the sufferer from those produced by want of prudence, 
but also those from which the passenger suffers from those which 
occur to the agents and servants of the railway. 

In the following table (see page 267) the accidents which 
occurred on the English railways in the years 1847, 8 are thus 
classified. 

Hence it appears that in this period of two years 243 passen- 
gers suffered more or less from railway accidents from which 

* Some curious investigations and calculations on this subject have 
been made by M. Qoetelet of Brussels, who has even shown that the 
frequency of murders admits of being reduced to a numerical law, and 
that the ratio of the number of murders committed with particular 
weapons is constant. Thus the proportion of homicides by the pistol 
to homicides by the sword is invariable. 
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they had no power of protecting themselves, and that of diftr 
number 28 were either immediately killed, or died soon after- 
ward in consequence of their wounds. 

It further appears, that in the same period 87 agents of the 
railway were more or less injured by accidents from which it 
was not in their power to protect themselves, of whom 30 were 
killed. 

The proportion of deaths to the total number injur^ is there- 
fore much greater among th^ servants of the -^mnpjcny than 
among the passengers. ^ . > 

While only 11^ per cent, of the passengers injured lost their 
lives, 34^ per cent, of the servants injured were killed. The 
cause of this difference of proportion is signally obvious from 
the fact of the greater exposure of the railway agents, more 
specially of the engineers and firemen, to the more dangerous 
effects of accidents. 



Analysis of the Railway Accidents for the Two Years ending De- 
cember 31, 1848. 



Passengers suffering from causes beyond thdr own 

control... — 

Passengers suffering from causes which they might 

have prevented - 

Railway servants suffering from causes beyond their 

own control 

Railway servants suffering from causes which they 

might have prevented . 

Trespassers and strangers suffering from crossing or 

standing on the railway 

Persons suffering from misconduct of railway servants 
Suicides , — -- 



Killed. 



28' 

23 

30 

232 

96 
2 
2 



A13 



Injured. 



215 

13 

57 

85 

22 
1 



393 



But to es^mate duly the actual degree of danger incurred in 
this mode of traveling, the mere numerical amount nf the killed 
and injured is not sufficient. 

To estimate the risk of suffering from accident, it will be 
necessary to compare the number of sufferers with the total 
amount of railway traveling. In the official reports^ the number 
of accidents has hitherto been compared with the total number 
of passengers booked ; but it is easy to show that such a com- 
parison does not afford a true measure of the risk. By adopting 
such a measure we should assume that there is the same risk 
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jot accident to the passenger who trayehi ton miles, b» to him 
who travels five hundred miles, which would foe an~ obvious 
error. The risk of accident to any passenger is, ceteris paribus, 
in the exact proportion of the distance he travels, or, to use a 
term already adopted, of his mileage. 

To calculate the risk, therefore, the number of accidents rafust 
be compared, not with the total number of passengers booked, 
but with the total miUage of the passengers. 

If we find, for example, that in a given time the distance 
traveled by passengers was equivalent to 500,000 passengers 
traveling one mile, and that in such period there occurred only 
one accident attended with loss of life, it will follow that, wheh 
a passenger travels one mile, the chances are 500,000 to 1 
against encountering a fatal accident. If he travel ton miles, 
the chances are 50,000 to one against such an accident; and, 
in general, the probability of such an accident will be augmented 
in the exact ratio in which the distance traveled is increased.* 

In the two years ending the 31et of December, 1848, the 
total mileage of the passengers on the railways of the United 
Kingdom, was 

1,830,184,617 miles. 

The number of accidents to passengers attended with loss of 
life, arising from causes beyond their own control, in the same 
period, was 28. Dividing the mileage, therefore by 289 we ob- 
tain the quotient, 

65,363,736. 

Hence it appears that if a passenger travel one mile, the chances 
against his suffering an accident fatal to life are 

65,363,735 to 1. 

* More strictly^ the chances in these cases would be 499,999 and 
49,999 to 1. Of 500,000 balls contained in an urn, 1 is black. Sup- 
posing balls to 'be snccessively drawn, i^d leturfied to the urn after 
each drawing, the chance of no black ball in ten drawings would be 

(499 999\^^ 
, ' } . The chance of one or more black balls is, 

10 1 ' 



/ 499,999 yo_ / 1 yo_ 

\ 500,000/ "" \ 500,000/ "■ 



,500,000/ \ 500,000/ "" 500,000 50,000' 

very nearly. 

I have, in this and like cases, taken the round numbers, as practically 
exact and more convenient. 
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In the same period the number of accidents attended with 
bodily injury to passengers, arising from causes beyond their 
own control, was 215. Dividing this in the same manner into 
the total mileage, we find that the chances against such an acci- 
dent in traveling one mile are 

8,512,486 to 1. 

In each case we find die chances for greater distances hj 
dividing these numbers by the distances respectively. 

In the subjoined table I have given in the second and third 
columns the chances against such accidents for all distances 
under 10,000 miles. 

It must be here observed that in this calculation every acci- 
dent productive of the slightest bodily injury, even the smalleBt 
bruise or scratch, is included. 

While the numbers registered in these columns will reassure 
the timid, the solicitude of the humane passenger will be ex- 
tended to the agents and servants who are employed in con- 
ducting the train and in guarding and watching the railway^ on 
whose vigilance and skill depends in a great degree the ex- 
tremely small amount of risk of the passenger, and to whom, in 
fact, is transferred a part of that danger to which the passenger 
himself would otherwise be exposed. It wiU therefore be satis- 
factory to calculate the amount of the risk to which each railway 
passenger exposes the agents by whom the business of transport 
is conducted. 

It appears, by the results given in table, p. 267, that in the 
two years ending 31st Dec. 1646, the number of accidents fatal 
to life occurring to railway servants, from causes beyond their 
own control, was 30, and the number resulting in personal 
injury was 57. These accidents occurred in conducting both 
the passenger and the goods business, and ought, therefore, to 
be shared between them in the ratio of the mileage of the pas- 
senger and goods trains. 

I have no general data by which this can be ascertained, and 
it varies very much on different railways. If, however, we take 
as a mean the business done on the extensive lines of railway 
worked by the Northwestern Company, I find that the mileage 
of the passenger engines bears to that of the goods engines the 
ratio of 5 to 3. 

From this it would follow that three-eighths of the accidents 
ought to be assigned to the goods business. But as the relative 
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frequency of accideDts is greater with passenger than witli 
goods trains, we shall assume that five^sixths of all the accidents 
to railway servants are produced, directly or indirectly, by pas- 
senger trains. 

It follows, then, that in the two years above mentioned, 24 
fatal accidents, and 50 accidents resulting in personal injuries, 
occurred to railway servants from passenger 'trains. 

During that period, as has been shown, the total passenger 
transport was equivalent to 1,830,184,617 passengers carried a 
mile. If we divide this total mileage of the passengers by 25, 
we obtain the quotient, 

732,073,847, 

which is the number of passengers who must travel one mile to 
cause the death of a railway servant ; and if we divide the same 
mileage by 50, we obtain 

366,036,923, 

which is the number who must travel one mile o cause the 
injury of a railway servant. 

But whenever one passenger travels a mile, as many others 
also travel a mile as make up the average load of a passenger 
train. There are no general data recorded from which this 
average load can be accurately deduced, but it may be estimated 
at about 50 for all the railways, taken one with another. 

Hence, wherever one individual travels a mile by railway, 60 
passengers travel a mile, and the mileage 50 is performed. To 
calculate the corresponding number of accidents to railway serv- 
ants, we must, therefore, divide the preceding numbers respect- 
ively by 50. , . 

Hence it appears that when a .passenger travels a mile, the 
chances against such a fatal accident are 

14,641,477 to 1; 

and the chances against an accident producing personal injury 
are 

7,320,738 to 1. 

The chances corresponding to greater distances are found by 
dividing these numbers by the distance traveled. 
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To illnstrate the application of this table, let us suppose it 
to be required to ascertain the risk of life or bodily iujury to 
a passenger, and also the chances against his being the cause 
of death or injury to a railway servant. in traveling 250 miles. 
On finding 250 in the first column, we find that the chances 
against loss of life are 

For passenger, 261,455 to 1 ; 

For railway servant, 68,566 to 1 ; 

and against any bodily injury not resulting in death, 

For passenger, 34,050 to 1 ; 

For railway servant, 29,283 to 1. 

On the foreign railways, the ratio of accidents to the quantiQr 
of traffic is still less, owing to the less crowded state of the 
lines. On the Belgian railways, during the three years ending 
Ist Dec, 1846, there were but three fatal accidents to passen- 
gers arising from causes beyond their own control, and the 
total passenger mileage in these three years was, 

239,629,541 miled. 

The chances against loss of life in traveling a mile were, 
therefore, 

79,876,383 to 1. 
On the railways of the United Kingdom the chances are, 

65,363,735 to 1. 

The Belgian railways are, therefore, subject ta less risk than 
the English, in the ratio of 65 to 79. 

On the French railways accidents have been still more rare. 
One fatal accident occurred many years ago on the Paris and 
Versailles Railway, on which occasion a train took fire, and 
appalling consequences followed. Another' serious accident 
occurred on the Fampoux embankment of the Northern Rail- 
way, in 1846. These, however, stand almost alone. 

In the two years ending 31st Dec, 1848^ there was not a 
single fatal accident to a passenger reported on any French 
railway. 

It may not be uninteresting to put in juxtaposition with this 
the returns of accidents produced by ordinary horse-coaches, 
traveling in Paris and its environs : 



\ 
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Tear. Killed Woondad. 

1834 4 134 

1835 12 214 

1836.... 5 220 

1837 11 361 

1838 19 366 

1839 9 3^4 

1840 14 - 394 



Total 74 2073 

Sect. II. — The Causes of Accidents, 

However insignificant may be the proportion of the number 
of persons injured to the total amount of passenger traffici it 
may not be without interest or utility to inquire into the causes 
which produced these accidents. . 

The causes which are not dependent-pn the imprudence of 
the sufiferers are, generally, either collision of the passenger 
train with some other carriages or wagons, or tho escape of 
the train, or some part of it, from the rails. 

The English railways are in general constructed with double 
lines, the train observing the common rule, of the road, and 
keeping always on the left-hand line. The tsonsequence of 
this is, that, in regular work, all trains upoi; the same line move 
in the same direction. The collision of one train with another, 
therefore, can only take place by a faster train overtaking a 
slower, or a train running into one which is at rest. 

It is evident, therefore, that, if all trains moved with the 
same speed, and all stopped at the same stations, no collisions 
could ever happen, except when a train should be retarded or 
stopped by accident, or in the case of a vehicle being improperly 
left standing on the line. 

The probabilities of collision will therefore depend on the 
differences between the speed with whfch the several trains '."S 
travel, and the differences between the number of stations at 
which they stop. 

But, on railways as worked at present, it is impracticable to 
maintain uniformity of speed. Passenger and goods traffic 
being necessarily worked on the same line of rails, and the 
latter being carried at less speed than the former, a source of 
danger is produced. If the present enormous amount of trans- 
port had been foreseen when railways were in an early stage 
of their progress, it might have been a question for considera- 
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tion whether'it would not have been advantageous to construct 
the trunk railways with three lines of rails, reserving one line 
exclusively for the goods traffic. This would have been infinite- 
ly more politic than augmenting the capacity of the railway by 
increasing the width of the rails, and, consequently, the magni- 
tude and weight of the engines and vehicles of transport. But 
the railways being constructed, it is now too late, and nothing 
remains to be done but to adopt the most efficient precautions 
against those collisions, the probability of which is augmented 
with the frequency of the trains, and the differences of their 
average speed. ' 

The accommodation of the public requires frequent depart- 
ures, great expedition, and means of arriving at numerous in- 
termediate points of the lines. These demands can not be 
satisfied without calling into existence all the conditions which 
are productive of the danger of collision. 

To satisfy the urgent call for great expedition, express trains 
are dispatched at extraordinary speed, stopping only at chief 
stations. To satisfy the want of intercommunication with the 
intermediate stations, trains are dispatched which stop at all 
the stations; and as the stations, in the average, are not four 
miles asunder, these trains must be in a state either of retarded 
or accelerated motion. They scarcely get up their speed after 
starting from one station, before they are obliged to slacken 
their pace, in order to stop at the next. The. average speed 
of such trains is therefore comparatively Small. 

Between these and the express trains, which present the 
extremes of speed, there are several which move at interme- 
diate average rates, stopping less frequently than the one, and 
more so than the other, and, when at full speed, proceeding 
with a less velocity than the express trams. 

When all these circumstances are taken into account, and 
when it is also considered that, on some of the great trunk 
lines, such as the Northwestern, as many as fifty trains pass 
over the same rails every twenty-four hours, more than tlie 
half of which are worked during the day, and therefore succeed 
each other at very short intervals, the wonder is, not that col- 
lisions occasionally occur, but that a movement so crowded and 
complicated can be conducted at all, without most imminent 
danger. 

The most frequent source of accidents from collision, arises 
from single wagons or trucks J>eing left standing upon the 
rails. ^ " 
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WhQn express trains have to be stopped, the steam must 
be cut off, and the brakes applied at a cousiderable distauce 
from the place where they come, to rest.. Hence arises 
the greater liability of accidents by collision with these trains 
If an obstacle is observed upon the railway by the en- 
gine-driver, it must be noticed at a distance so great as to 
render it possible to stop the train, otherwise collision must 
take place. 

Next in frequency to accidents from collision, are those which 
arise from the engine or the vehicles escaping from the rails. 
The causes which produce this class of accidents are very 
yariouis. 

The most frequent are impediments left on. the rails, such 
as blocks of wood, bars of iron, spare sleepers or rails. The 
engine encountering obstacles of this kind is generally throwa 
oflf, dragging with it one or more of the carriages. 

Cattle from adjacent fields, through deficient fences, have 
sometimes got upon the road, and the engine encountering 
them has run over them and been thrown off. 

A wheel or axle of the engine, tender, or any of the car- 
riages breaking, is sometimes the cause of escape from the 
rails. A defect in the rails themselves is not unfrequently the 
cause of this class of accidents. This is especially liable to occur 
at a joint chair, that is to say, a chair where tb>e ends of two 
successive rails are united. It frequently happens that one of 
these rails is considerably above or below the other, or that the 
rails are not sufficiently fastened in the chair. . The impact of 
the wheel of the engine on such a defective joint, may either 
immediately break the rail, or so weaken it that one of the 
succeeding carriage-wheels will break it, and the carriages thus 
escape from the rails. 

Another not unfrequent caus^ of accidents is the neglect of 
the points and switches, a name given to a part of the mechanism 
by which trains are enabled to pass from one line of rails to 
another, or from either line into the sidings. 

When such passage is intended, a certain change is made in 
the position of the points and switches by a person employed 
for this purpose on the line, and after the train passes from the 
line th^ switches are restored to their usual position. If any 
neglect take place in this operation, considerable danger will 
ensue to the trains which next pass. 

In order to ascertain the proportion in which these causes of 
accident respectively operate, I have taken indiscriminately, 



276 BAILWAY ECONOMY. [Ghap. XIV. 

from the retnrns of accidents, 100 cases of which the. following 
is the analysis : 



Accidents from collision 56 

„ broken wheel or axle 18 

defective rail - 14 



:: byswitches * 

„ impediments lying on the road 3 

„ oS rails by cattle on line 3 

„ bursting boiler • • 1 

100 

Hence it appears that 56 per cent, of these accidents ariae 
from collision. Next to these comes the escape from the rails 
by the breaking of a wheel or axle, or by defective rails, which 
together make up 32 per cent., the remaining causes operatiiig 
in small proportions. 

Since more than half the total number of fatal accidents 
which occur upon railways arise from collision, it is important 
that the attention of railway companies be more specially di- 
rected to precautions against this source of danger. 

Before a collision takes place, the engine-driver and others 
in management of the following train, have, or ought to have^ 
the means of observing the object in advance of them, with 
which the collision. is about to take place. If it be possible to 
bring the train to rest before it can pass over the length of 
road between the point where the obstacle has been observed, 
and the point where such obstacle would be overtaken, the 
collision will be prevented. This possibility will depend upon 
the proportion which the number of brakes and brakesmen 
upon the train bears to its weight and speed. It is clear, 
therefore,, that in all cases the number of brakes provided 
should have reference to the magnitude and speed of the 
train. 

It is found by experience that the distance within wluclif a 
train of given weight can be brought to rest by a given nund^j^ 
of brakes, will be in proportion to the square of its speed, lli'at 
is to say, with a double speed it will require four times the 
number of brakes ; with a treble speed, nine times the number 
of brakes ; and so on. ^ « 

In the case of an accident which occurred near Wolverton, 
on the 5th of June, 1847, it was found impossible to bring a 
train of 19 carriages to rest within a distance of 540 yards, the 
speed of the train being about 25 miles <an hour. In this case 
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ft coliision took place, by which seven penona were killed : on 
an inquiry it was found that this train was provided with three 
brakes, one upon the tender and two upon the carriages. 

Inquiries suggested by this and cyther similar accidentia in- 
duced the Board of Trade to propose a role to be observed bfr 
railway companies, that a brake should be attached to e? er^ 
fourth carriage. -.' 

A similar rule was imposed by the French goverm^ot, in 
February, 1848, on the trains working on the railways of Ihat 
country. 

Since, however, the brake power necessary to stop a train is 
increased in so large a ratio with the speed, a still greater 
number of brakes would be necessary with a fiist train, such as 
the express trains, each carriage of which ought to be pro- 
vided with an independent brake and brakesman. This would 
certainly cause a considerable increase in the working expenses 
of the fiister class of trains, but the public safety ia a matter of 
too great importance to be postponed to considerations of this 
kind. 

In attempting to avoid one source of danger another is often 
produced. When an obstacle is seen on the rails befare a 
train moving with great speed, all means must of course be 
used to bring the train suddenly to rest. But if this be not 
done with great caution and skill, danger may be produced 
even more serious than that from which it i^ attempted to 
escape. The means of stopping a train are, the brake on the 
die tender, the brakes on the vehicles composing it, and, in fine, 
reversing the action of the engine. This process consists in so 
changing the motion of the slides, that the steam shall obstruct 
instead of accelerating the pistons. In this way the whole 
force of the steam is suddenly made to resist the progressive 
motion of the engine. 

This is a dangerous process. The progress of the engine is 
arrested by an agent which does not act on the vehicles which 
follow it. They are consequently urged against the engine and 
against each other with all the force of which the engine is de- 
prived by the back action of the steam. The effect is nearly 
the same as if an engine acting behind the train suddenly push- 
ed the train against the engine in front. The effect of this is 
an obvious tendency to drive the intermediate carriages off the 
rails by doubling up the train* 

Before reversing the engine, or even applying the brake to 
the tender, it is therefore always advisable to warn the brakes- 
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men to apply the brakes to the Tehicle^ composing the train. 
This being done, and the brake being then applied to the tenderi 
there is less danger in reversing the steam on the engine. 

But it unfortanately happens that in the emergencies in 
which these extreme measures are demanded, there is rarely 
time to observe these precautions. The prudence of providing 
a signal on the tender which shall be within view of the brakes- 
men, and seats for the latter from which they can always see 
such signal, is so obvious that it tieed not here be enlarged on. 

We must not dismiss this subject without noticing the in- 
genious application of detonating substances, now called fog- 
signals. 

These are detonating balls, yvhieh on being crushed explode 
with the report of a pistol. When a train is stopped on the 
line by an accident, or in general when an obstacle is found 
upon the railway from any unexpected cause, and which can 
not be immediately removed, if there be a fo^at the time, or 
any other cause which may prevent the driver of a following 
train from seeing the obstacle, the guard or policeman runs 
back along the line and places these balls on the rails at certun 
distances, so that when a train approaches it causes them suc- 
cessively to explode in rolling over them, and the drjiver thus 
receives warning to stop. 

The evil consequences resulting from collision are frequently 
aggravated by the manner in which the carriages or wagons 
composing the trains are connected with or adapted to each 
other. The mode of connecting the successive carriages form- 
ing a train is as follows. From the end of the frame support- 
ing each carriage project two strong iron rods, which rest 
against spiral springs, and which are terminated by circular 
cushions about a foot in diameter, called buffers. When two 
successive coaches are brought into contact, these buffers ought 
to meet each other so that their centres should coincide. This 
requires that the buffers of all the carriages ishould have the 
same gauge, that is to say, that there should be the sam6 dis- 
tance between their centres ; and, secondly, that they should 
be at the same height above the rails. If this be hot the case, 
a collision would have the effect of causing one carriage to push 
the other either. aside or upward j as the case might be; aside 
if the centre of the buffer deviated horizontally, and upward if 
it deviated vertically. 

In any case there would be a tendency of the coaches to 
throw each other off the rails. 
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The SQccesBiTe coaches forming/ a trajn were origioaB^f held 
together by a chain, wh\ck was neceaaaiily always m little slaekt 
so that when, the power of the engine was dririiig'the trairf,' 
the buffers were not In close contact, anci wheneT^- the train 
stopped, or even slackened its speed, the hii^er carriages ran 
•gainst the foremost one with a cdllkion, the force of which 
was proportional to the difference of their speeds. 

This mode of connection was replace^ by a coupling. screw, 
by means of which the carriages are drawn togethelr, so ^lat 
the buffers are pressed into close contact; and their springs a 
little compressed. 

In this manner the train is formed into one complete colanpin, 
and the change of speed to which it is subject does not produce 
the partial collision jost mentioned. . - 
• One of the means^ therefore, of dimini^ing Ae chanees of 
isSuries- resnlting from collision is to provide against the occur- 
rence of eccentric buffers, and to insure the proper eoupfing 
of the trains. - 

Although, in most cases of deraifanent,* it is the engine which 
•scapes from the rails, yet it occasioiitall;^ happens that, while 
the engine maintains its position, one or more of the carriages 
fimning the train escape. ■ .. ' '■ * . 

This happens frequently when an axle or wheel breaks, but 
tt sometimes happens that a defect of the rail throws m .car- 
riage off after the engine and preceding carriages hate passed 
over it. • " •- . - , 

On the 16th September, 1847, on the Manchester >and Liver- 
pool Railway, the last carriage of the esifpress tnun^ hsTlng two 
passengers in it, was derailed, the other carriages being un- 
disturbed, and was dragged a conBide^ble distance before the 
engine-driver was made aware of the accident. The two pas- 
sengers it pontaineTd were killed. 

This accident was ascribed to a defect in the raito. It was 
supposed that the weight of the engine being too great for the 
strength of the road, it had deranged the raile in passing over 
them, and that the succeeding carriages increasing th(^'^jnjur}( 
die displacement only became great enough to derail the wheels 
on the arrival of the last coach at the point. 

* I have ad(^ted this word from the French : it expresses an efisot / 
which is so often necessary to mention, bat for which we have not yet 
had any term in our railway nomenclature. By diraiUement is nieant the 
escape of the wheels of the engine or carriage from the i;^ ; and ike 
verb to dtrail or to be derailed may be used in a oorrespondlng 
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This i£od some other accidents have suggested to the railway 
authorities the expediency of adopting some method by which 
a communication can be made between^ the several. carriages 
forming the train and the engine-driver. If, in the above in- 
stance, the engine-driver had been made aware of the accident 
at the moment of the derailment, it is probable that such fatal 
results might not have occurred. 

A case "will be mentioned hereafber, in which a private iear- 
riage caught fire by a cinder projected from the funnel of the 
engine falling on its roof. The carriage contkiued to born until 
the arrival of the train at the next station, the engine-driver and 
conductor being ignorant of the accident. 

Previously to this, the necessity of some meai^ of wateliing 
a train, and of notifying promptly to the engine-driver the 
occurrence rof any accident, had attracted the attention of the 
government commissioners, and they consulted some of the 
principal railway companies on the most desirable meaoa of 
remedying the evil. '^ 

The Great Western Company proposed to &x at the back of 
the tender a seat for a conductor, in a sufficiently high position 
to see along the roofs of t^e carriages, so as to have a perfect 
view of the entire side length of the train, and a means of paas- 
ing from side to side of the tender, so as to get a view of each 
side of the train. Such a conductor, from his proximity to the 
engine, could immediately communicate with the driver, and 
each guard upon the coaches of the train could comnuxnicate 
with such conductor by signals.- 

The Northwestern Company proposed that the under guard 
should always stand in his van next to the engine, with his 
face to the train, so as to observe any signal of distress, irregular- 
ity, or derangement among the carriages which the chief guard, 
stationed at the rear of the train, might make* A communica- 
tion between the under guard and the engineman was only 
necessary to complete this arrangement, and the company 
accordingly ordered that means should be provided by which 
the under guard should be enabled at pleasure to open the 
whistle of the engine. 

The late Colonel Brandreth had interviews with some of the 
most eminent railway engineers, with a view to obtain some 
additional protection for the traveling public, by contriving a 
method, not only for securing the constant watching of the 
trains while on their journey, but also to provide the passen- 
gers with means, in case of accident or sudden illness, of com- 
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manicatiDg with a gaard, and of oDabUng the guard io eonOiina- 
oicate with the eDgiaemaDt for the purpose, whea Decessarjr, 
of stopping the traiuv 

There could be no difficulty iu proTidiog means by which any 
passenger could at his pleasure sound the whistle of the engine, 
se as to give the engine-driver notice to stop ; but the govern- 
ment commissioners considered that it would be objectionable 
to give a passenger a power to stop the train at wiU, though it 
was admitted that it would be extremely desirable to establish 
a practicable and sure communication between the passengers in 
each coach with a guard, and to provide the latter with means 
of communicating with the engine-driver. This subject is stiH 
under consideration of the commissioners and the companies. 

WhUe noticing the subject of railway accidents arising from 
causes beyond the control of the passengers, or those who have 
the management of the trains, it would be an injustice to a most 
meritorious and generally intelligent class of persons not to ac- 
knowledge the zeal, courage, skill, and good conduct of the en- 
gine-drivers, conductors, and stokers, as a body. All who have 
had opportunities of experience in railway transport will feel the 
justice of such a tribute in the exact proportion of the extent of 
their experience. Innumerable instance» might be offered of 
admirable judgment and presence of mind exhibited by this class 
of men in the emergencies which arise in railway traveling. 

An incident which occurred on the Chester and Holyhead 
Railway may be mentioned as one among numbers in attestation 
of this, and in which, although the promptness and presence of 
mind of the engineer were not successful in effecting the safety 
of the passengers, they were not the less admirable. 

On the 24th of May, 1847, a fatal accident occurredi to a trAin 
in crossing the bridge over the river Dee. The train consisted 
of the engine and tender, weighing 30 tons, followed by three 
passenger carriages, a luggage van, and another passenger car- 
riage, containing in all 25 passengers, the gross weight of the 
train being 60 tons. 

The train proceeded safely over the first and second arches, 
and the engine reached the middle of the third arch to a point 
about 50 feet from the abutments of the bridge. At that point 
the engine-driver felt the railway sinking under him. With 
admirable promptitude he instantly opened the steam valve to 
the fullest extent of its power, giving to the train a sudden puU^ 
so as to endeavor to clear the bridge before the catastrophe, of 
the imminence of which he was instantly conscious, should occur. 

His purpose was but partially successful. The engine cleared 
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the bridge as the railway sunk under it, and dragged the tender 
with it. The fireman, who was upon the tender, was thrown 
off upon the side of the railway beyond the end of the bridge, 
and killed. The passenger coaches had not cleared the bridge 
when it sunk under them, and their connection with the tender 
was broken. The carriages which had the passengers were 
precipitated into the river from a height of 36 feet above the 
surface of the water, the depth of which was 10 feet. 

It appeared afterward that the tender in following the engine 
had been derailed, and was dragged along, rubbing hard against 
the parapet wall at the end of the bridge. It was left standing 
apart at 50 feer from the water's edge and 3 feet off the rails, 
the engine having broken away from it, and proceeded with the 
driver, the only individual who escaped, to the adjacent station. 

Having investigated the circumstances which produce that class 
of accidents against which the sufferer can not effectually protect 
himself by measures of precaution, it remains now to notice those 
which arise from.imprudence, or from the want of that vigilance 
and care on the part of the traveler, which the very nature of 
railway transport renders necessary. 

The railway commissioners publish periodically reports of all 
accidents attended with personal injury whicl^ take '{^ace on 
railways. The most certain method of ascertaining the manner 
in which imprudence or negligence operates in the production 
of these disasters, will be to take from the reports those accidents 
which have occurred to passengers, and to classify them accord- 
ing to their causes. I have accordingly taken indiscriminately 
a hundred such occurrences, and have classified them in the 
following table : 



Analysis of 100 Accidents produced by Impmdence of Passengers. 


Causes. 


Results. 


Killed. 


Iqjured. 


Total. 


Sitting or standing in improper place, attitude, 
or position 


17 

17 
10 

8 

11 

3 

1 


11 ' 
7 
6 

5 
1 
3 



28 
S4 
16 

13 
2 
6 
1 


Getting out of carriage while train in motion 

Getting into carriage while train in motion.. 

Jumping out to recover hat blown off, or 

parcel dropped .... 


Crossing the railway incautiously 

Getting out on wrong side 

Handiog an article into a train in motion 


67 


33 


100 
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Sect. lll.-^Preeauiwn8 agcAnst Accidents. 

From what has been stated aod explained it will be evident 
that of all the means of locomotion which Antfian invention htm 
as yet devised, railway traveling is- the safest ija an almost infinite 
degree. Indeed, the risk to life and limb, when reduced to a 
numerical statement, seems to be evanescent. Neverthelesa 
the apprehension of danger in this mode of traveling entertained 
by timid persons, and even by some who scarcely merit that 
-appellatiSn, is not inconsiderable. 

This may arise partly from the circumstance of the public hot 
being genei'ally aware of the smallness' of the amount of the 
danger which has been here described, but in a greater degree 
from the terrific results of some of the rare accidents which 
have occurred. 

In the modes of traveling used before the prevalence of rail- 
ways, accidents to life and limb were frequent, but in general 
they were individually so unimportant as not to attract* notice, 
or to find a place in the public journals. In the case of railways, 
howerer, where large numbers are carried in tbe same train, 
and simultaneously exposed to danger, accidents^ tiie^Dgh more 
rare, are sometimes attended witii appalling results. Mneh 
notice is therefore drawn to them. They are. commented on 
in the journaljK and public alarm is excited. 

'Notwithstanding the smallness of the amount of risk; yet, as 
in many cases the danger of accident beyond the control of the 
passenger may be diminished by the adoption of proper precau- 
tions, and in all cases the causes of danger arising from his owli 
ignorance or neglect may be whc^y renioved, it may be beneficial 
to give in a puccinct form short rules^ by the observance of which 
the traveler will render still less the amount of that risk already 
so small. 

With this view I have put together the following scrips of 
plain, intelligible rules, founded piutly upon rather a large per- 
sonal experience in railway trayeling in evjory qua^r of the 
globe where this species of locoiqotion has been adopted ; and 
in order to render theserules the lisss arbitrary, and illustrate 
the utility of their observance, I h^ve annexed to each of them 
examples of the injurious consequences resulting, from 'tiieir 
neglect, such examples being accompanied by the date, time, 
and place of their occurrisnce.. 









PLAIN RULES : 

FOR 

RAILWAY TRAVELERS 



.* 



RULE I. 



NEVER ATTEMPT TO GET OUT OF A EAILWAY CAHRI&OE WHIIiB 
IT IS MOVING, NO MATTER HOW SLOWLY. 

Elustration. 

It iB a peculiarity of railway locomotioD that the speed, when 
not very rapid, always appears to the unpracticed passenger 
much less than it is. A railway train moving at the rate of a 
fast stage-coach seems to go scarcely as fast as a person might 
walk. To this circumstance (which is explained by the extreme 
smoothness of the motion) is to be ascribed the great frequency 
of accidents arising from passengers attempting to descend 
from trains while still in motion. This is t^e most common 
cause of that class of accidents on railways, which are owing to 
want of due caution on the part of the passenger. I have vrit- 
nessed many accidents of this class, and the reports of the 
Railway Board abound with them. 

Exanvples. 

Dublin and Progheda July 4, 1844. Jumping out before the train stopped, 

fell with his hand oa. the rail, orer 
which the carriage-wheels passed. 

Grand Junction July 25, 1844. Jumping out while in motioii, Inoke 

liis leg. 

liiverpool and Manchester. . . . August 36, 1844. Jumping off before (rain had stopped. 

KUled. ^^ 

Manchester and Birmingham. Sept. 9, 1844. Ditto; 

Manchester and Leeds Oct 10, 1844. Ditto. 

Glasgow, Gamkirk, luid Coat- 

firidge Oct. 30, 1844. Ditto, h^jured. 

North Union Aug. 23, 1846. Ditto, broke his leg. 

Grand Junction August 7, 1846. Ditto, killed. 

Great Western Aug. 17, 1846. Ditto, ditto. 

Midland Oct. 31, 1846. Ditto, ditto. 

Sheffield, Ashton, and Man- 
chester Jan.21,1846. Dltto^ditta 
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Dundee and Arbroath v . . July 23, 1846. 

Edinburgh and Glasgow Feb. 16, 1846. 

Northwestern June, 1847. 

London and SoHthw^tern . . . Jan. 9, 1847. 

East Lancaster » April 14, 1847. 

Ditto May 29, 1847. 

Northwestern Feb. 19, 1848. 

Newcastle and Carlisle ...... April 5, 1847, 

Northwestern Feb. 1,1847. 

Great North of England. ..... Feb. 17, 1845. 

Manchester and BinnJnghajn Feb. 18, 1845. 

Midland Oct. 27, 1845. 

Ditto Oct. 31, 1845. 

Stockton and Darlington Feb. 18, 1845. 

Northwestern Feb. 1,1847. 

DqUIb and Kingstown Nov. 6, 1847. 



Ditto, severely injured. 

Ditto, killed. 

Ditto, arm cruabed by wheals. 

Ditto, killed. 

Ditto, both legs broken. 

Ditto, killed. . 

Ditto, ditto. 

Ditto, leg crushed. 

Ditto, killed. 

Ditto, ditto. 

Ditto, injured. 

Ditto, killed. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto 



RULE II. 



I 



NEVER ATTEMPT" TO GET INTO A RAILWAY CARRIAGE WHEN IT 
IS IN MOTION, NO MATTER HOW SLOW THE MOTION MAT SEEM 
TO BE. 

Examples. 

Lcmdon and Blackwall July 13, 1846. Attempting to get upon a train after 

it had started. Killed. 

London and Birmingham April 17, 1846. Ditto, ditto. 

Newcastle and Berwick (in- 
cluding ~ Newcastle and 

Nor4h Shields) Feb. 14, 1847. Ditto, ditto. 

London and Brighton Sept. 17, 1848. Ditto, anfr broken. 

Newcastle and Carlisle June 23, 1846. Ditto, foot crashed. 

London and Blackwall July 18, 1846. Ditto, killed; 

Manchester and Leeds Feb. 8, 1847. Ditto, broke his leg. 

Dublin and Kingstown March 4, 1846. Ditto, leg fVactured. 

London and Birmingham August 3, 1844. Ditto, killed. 

Southwestern Nov. 3, 1848. Ditto, ditto. 

Bolton and Prestop April 23, 1844. Ditto, broke his leg. 

Midland Feb. 5, 1848. Ditto, killed. 

North Union Aug. 23, 1846. Ditto, ditto. 

Dublin and Kingstown Dec. 26, 1845. Ditto, injured. 

Edinburgh and Glasgow May 16, 1845. Ditto, ditto. 

London and Brighton July 15, 1845. Ditto, killed. 

Midland July 15, 1845. Ditto, ditto. 

Manchester and Leeds Feb. 8, 1847. Ditto, leg fractured. 

Lancashire and Yorkshire. . . . Nov. 20, 1847. Ditto, killed. 



RULE m. 

NEVER SIT IN ANY UNUSUAL PLACE OR POSTURE. 

Illustration, 

On some lines of railway seats are provided on the roofs of 
the carriages. These are to be avoided. Those who occupy 
them sometimes inadvertently stand up, and when the train 
passes under a bridge they are struck by the arch. Guards 
and brakesmen, whose duty brings them to these positions, and 
who are disciplined to exercise caution, are nevertheless fre- 
quent sufferers from this. 
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Examples* 

Newcastle and Carlifle fiept. 3, 1846. Sitting on top, stood up as the train 

was approaching an aichwar, was 
'strackbytt. Killed. 

Manchester and Sheffield March 5, 1847. Straclc by abridge. Killed. 

North Union Jan. 6, 1847. Ditto, ditto. 

Southeastern Jan. 30, 1846. Ditto, ditto. 

Bristol and Birmingham July 11, 1846. Ditto, ditto. 

Glasgow and Ayr May 16, 1844. Ditto, ditto. 

Manchester and Birmiogham. May 31, 1844. Ditto, injured. 

Illustration. 

Passengers should beware of leaoing out of tlie carriage win- 
dow, or of putting out their arm, or if a second-class carriage, 
as sometimes happens, has no door, they should take care not 
to put out their leg. 

Exaniples. 

Preston and Wyre April 18, 1844. Leaning out of carriage, ■truck by 

signal board. Wounded. 

Manchester, Bolton, and Bury July'26t 1846. Leaning out of second-class carriage* 

struck by iron column suppcNrting a 
bridge. Killed. 

Grand Junction July 20, 1846. Sitting improperty upon the side rail, 

I fell off. KUled. 

Hull and Selby April 17, 1846. Fell off, while reaching over to get 

his coat. Arm bc^en. 

Edinburgh and Glasgow June 0, 1847. Climbing from one compsrtmeBt of a 

carriage to another, fell. Killed. 

Manchester and Leeds Sept 1, 1846. . Attempting to get over the side of the 

r carriage, instead of by the dooorway. 
Leg broken. 

Bodmin and Wadehridge Aug. 3, 1844. Jumj^g from one carriage to an- 
other, fell between. KiUe£ 

Midland July 15, 1846. Two passengers, imprudently etaad- 

ing on the seat, thrown q1£ Both 
killed. 

Liverpool and Manchester . . . June 15, 1845. Fell, attempting to pass firom one ear- * 

riage to another. Loured. 

Grand Junction August 8, 1845. Fell off the buffer of a wagon. lit* 

jured. 

Preston and Wyre Aug. 8, 1845. Improperly sitthig on the side of a 

carriage, fell off Killed. 

York and North Midland Nov. 3, 1845. Fell from the foot-board of a carriage 

in motion. ELilled. 

Dublin and Kingstown Nov. 25, 1845. Over-reaching herself, fell from a 

train in motion, injured. 

Eastern Counties March 1, 1845. Struck head against a signal post 

while leaning over. ' Killed. 

Stockton and Darlington April 14, 1845. Leaning over, struck a wagon. In- 
jured. 

Dundee and Perth July 24, 1847. Struck by a bridge, on the rodC Killed. 

Northwestern Dec. 26, 1847. Upon step of tender, after the train 

got into motion, jumjAngc^ Killed. > 

Newcastle and Carlisle Aug. 22, 1847. Got upon step of carriage, befive train 

stopped, fell. IqjurM. 

Lancashire and Yoribdiire .... June 19, 1848. Riding on top, contrary to orders, came 

in contact with a bridge. KUled. 

South Staffordshire July 8, 184a Sitting on the bar of window, fell oat, 

fracturing leg and head. 

York and North Midland .... Aug. 28, 1848. Seated on the edge of an open car- 
riage, lost his balance, and fell be- 
tween the carriages. Aim hnkM 
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RULE IV. 

IT IS AN EXCSILLENT GENERAL MAXIM IN RAILWAY TRAYELINO 
TO REMAIN IN ^OUR PLACE WITHOUT GOING OUT AT ALL 
UNTIL YOU ARRVTE AT YOUR DESTINATI6N. WHEN THIS CAN 
NOT BE DONE, 60 OUT AS SELDOM AB POSSIBLE. 

RULE V. 
NEVER GET OUT AT THE WRONG SIDE OF A RAILWAY CARRIAGE. 

Illustration. 

All who are accustomed to railway traveling know that the 
English railways in general consist of two Hnes of rails, one 
commonly called the up line, and the other the dovm line. The 
rule of the road is the same as on common roads. The trains 
always keep the line of rails on the left of the engine-driver as 
be looks forward. 'JThe consequence of this is, that trains mov- 
ing in opposite directions are never on the same line, and be- 
tween these there can never be a collision. 

The doors of the carriages which are on your right as you 
look toward the engine open upon the space in the middle of 
the railway between the two lines of rails. The passenger 
should never attempt to leave the carriage by these doors ; if 
he do, he is liable to be struck down or run,^ver by trains pass- 
ing on the adjacent line of rails. If he leave the carriage by 
the left-hand door, he descends on the side of the railway out 
of danger. 

On quitting a train under such circumstances, immediately 
retire to the distance of several feet from the edge of the line, 
so as to avoid being struck by the steps or other projecting parts 
of carriages passing. 

Example. 

Northwestern Jan. 152, 1847. Got out of the train on the wrong 

side, w&s run over by another train 
which was passing at the time. 
KUled. 

Southeastern June 6, 1848. Ditto, leg broken. 

Manchester and Leeds Jan: 23, 1845. Ditto, injured. 

Southeastern June 6, 1848. Ditto, leg broken. 

Ditto Dec. 35, 1848. Ditto, killed. 

RULE VI. 

NEVER PASS FROM ONE SIDE OF THE RAILWAT TO THE OTHER, 
EXCEPT WHEN IT IS INDISPENSABLY NECESSARY TO DO SO, 
AND THEN NOT WITHOUT THE UTMOST PRECAUTION. 



1 
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/UtMfrafiDfi. 

Care ahoald be taken before croasing the line to look Mk 
ways^ to see tliat no train ia approaching. The riak ia not 
merely that of a train coming upon yon before yoa can peas to 
the otiier side. You slip or trip, or otherwise accidentBlIy fiill, 
and a train may be upon you befiire you can raise yoarself and 
get out of its way. 

Precaution in this case is especially necessary at a point where 
the line is cunred, and where yon can not comnmnd a Tlew to 
any considerable distance. It ia tme that the Boise of the train 
generally gives notice of its approach, bat this can not always be 
depended on, as the wind sometimes renders it inaudible. 

In crossing a railway at a place where tiiere are sidings and 
numerous points (which is always the case at and near stations), 
the feet are liable to be caught between the rails and points, 
and in such cases it has happened very frequently that the per- 
son thus impeded is run over by a train before he is able to diB- 
engage himself. 

Passengers waiting at stations for the arrival of a train, or 
having descended from a train which has stopped and waiting 
to remount, stand in need of the greatest caution. The refresh- 
ment-room is sometimes on the side of the road opposite to that 
on which the train stops, in which case it can only be arrived 
at by crossiDg the line. 

Examples. 

Northwestern Jan. 6, 1848. Standing on the line at a Nation, «u 

ran awvtt and killed. 

Manchester and Laadi Feb. 27, 1847. Attemplei Jo eran in fhmt of an 

approaching engine, and waa run 
over ; he had been previously warn- 
ed not to make the attempt, mied. 

Midland Jan.26,1847. While hicautiously crossing the line, 

knocked down by an en^ue. Leg 
broken. 

Ulster March 31, 1847. Standing on the line at a atation, ma 

over by a passing train: One leg 
bad to be amputated, and other- 
wise severely injured. 

London and Brighton June 39, 1846. Waiting for a train, waa croosiiig the 
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railway, and fell, it ia tappbas^ 

9 timv 
f. T 
peiceiTing her altaalloa, hnrrled Id 



with ftigfat, on seeing flu 
appraaclUnf. Theatattoa-deifcjOa 



bar Bsalatance, and whfle endeav 
Minff to remove her, th« train went 
over and killed both. 

Manchester and Bim^gham. Oct. 31, 1846. Waittaig at sutioop waa run over 

while croBslni tiha tails. Killed. 

Newcastle and Darlington. . . . Jane 15, 1846. Waiting at a sfitfloa ftr a tratai, ftU 

asleep on the ete oTUie iriatfonn, 
and was ttvwkfr aiaMiDg loodf 
train. .KUMd. ''^ 
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ll^ lipt<iidN«wcasa#^'....;... Mw^MiBil. Fool (tesht ia-tlie iiqiBti, whldi 
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«r^ - ' ^®^. ^vf^.C^t \!^§t.^^ engine^ 
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-^ *« . • « w«it©frtrliiM.-.Kidii.. . , . , 

■ li ff^ q wiUJtleg Mftyfl;!^ Atteraptbigt(»«mikitlMUii^iaocder H^ 

' '' ' - to prevent otoe of ber diO^vn get- 

ting upqn it firom the oppMite nde 
w«^ niQ over and killed. ^ 

It freqaeDtly happens that* while th* attentioq. of a penoa 
crosgiiig a line is directed to-u train approaching from one 
djrdeliqot. which he thinks there is time to avoid, he is ran over 
by a train, from which his attentiorit jMis been withdrawn, coming 
from the opposite direction. . . > 

Examplet, . . * !' • - - 

Caledonian (Giosfgowi Oarik- Marph 15, 18^7. Sun over ky a txSt 
Idfk, and Coatbridge llne^ - ^ tioBi was directed^ 



•«' 




. tolhfaig ftoni thetnoaiteMAMi.- V.^ ^ 
KUled. ^^ ^^^r ^ ^ 

NorthUnion Oct. S, 1846. Ditto, ditto. 

Leeds and Thirsic PteBL M, 1848. Ditto, dltto*-^- \ 'f^.w 

Manchester and Leeds Oct. SO, 1846. ^ Tvtro, ditto, oEtO. '. '■• 

KasC Lancaster Oct 19, 184a ' Ditto, ditto. ^ ., 

Midland Dec 30,1847 HaVing left JIm traiiii aiempted to 

cross the Utt&jand was crushed by 
the step of me break-van against 
the platform. Killed. 

Northwestern Sept. 11, 184A. Attempting to cross the line in Ao« 

of an i^pfoachlag train, although 
warned not to do 80^ was kil^ 



RULE vn. 

EXPRESS TRAINS ARJfE ATTENDED WITH MORE DANGER- THAl(,ir 
ORDINARY TRAINS. ^ THOSE WHO DEtSiRE THE eREATEST *T 
"OEOREE OF SECURITT SHOULD USE THEM ON£T WHEN 
GREAT SPEED IS REQUIRED* 

Illustration. v* 

The principal source of danger from express trains arises not 
80 much from their extreme speed as from their rate of progress 
being different from that of the general traffio of the line. If all 
trains, without exception, moved with exactly the same speed, no 
collision by one overtaking another could occur. The more the^ 
popart from this uniformity the more likely are collisions. Now ' " 
the speed of express trains is both exceptional and extreme. 
Inasmuch as it is exceptional, they are 'likely to overtake the 
slower and regular trains, if these be retarded 'i^yen in the least 
degree by any accidental cause ;' and inasmuch ad it is extreme, 
they are more difficult to be stopped |tt time to prevent^ collision 
in such a contingency. If a collision occur, the effefctB are dis- 
astrous, in the direct ratio of the relative speed of the trains, , 
one of which overtakes the other. The momentam of the ^ock, 

N ':, ■■ • 

... 
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other things being the same, will be proportional to the excess 
of the speed of the faster over that of the slower train. 

The probability of a collision will also be increased ia the 
same ratio. 

To work express trains with safety, an additional line of rails 
should be laid down and appropriated to them. 

Their number per day being necessarily small, and the dura- 
tion of their trips short, the same line of rails might, without in- 
couYenience or danger, serve for the traffic in both directions as 
on single lines of railway. 

ExamjpUs. 

Northwestern Jon. 33, 1847. Passenger had his leg broken. Ex- 
press train ran into a siding, and 
came in contact with a wagon. 

Bristol and Birmingham May 23, 1846. Engine-driver, stoker, and gaard kill- 
ed, and two passengers slightly in- 
jured, in consequence of the train 
getting off the line. 

Great Western May 10, 1848. Six passengers killed, and thirteen 

injured, in consequence of a tridn 
coming in collision with a bone- 
box at the Shrivenham station. 

Lancaster and Preston Aug. 21, 1848. One passenger killed, and two serious- 
ly injured, in consequence of a col- 
lision at the Bay Horse station be- 
tween a Lancaster and Carlisle 
Company's express train, and a 
local train belonging to Lancaster 
and Preston Company. 

London and Brighton Sept. 32, 1848. Guard injured. Several carriages of 

an express train thrown off the 
rails, in consequence of the tire of 
one of the engiae- wheels breaking. 

Northwestern Sept. 2, 1848. Express train ran off tlje rails near 

the Newton Road station, causing 
severe injury to two passengers, 
Mr. Shuard and Colonel Baird, 
both of whom died afterward. 

Ditto Oct. 31, 1848. The engine and five carriages of the 

express train to Edinburgh ran off 
the rails near Weedon, causing in- 
jury to one passenger and to the 
driver. 

Southwestern Nov. 17, 1848. Express train ran into a ballast-en- 

^e on the Richmond line, causing 
death to one servant of the c<nn- 
pany and iqjury to four others, all 
of whom were riding on the epgine ; 
also Injury to eight paasengers in 
the express train. 

RULE VIII. 

SPECIAL TRAILS, EXCURSION TRAINS, AND ALL OTHER EXCEP- 
TIONAL TRAINS ON RAILWAYS ARE TO BE AVOIDED, BEING 
MORE UNSAFE THAN THE ORDINARY AND REGULAR TRAINS. 

Illustration, 
There is always more or less danger of colJision when any 
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object on a railway is out of its customary place. The engine- 
drivers of the regular trains are always informed of the course 
of other regular trains, and except in cases of accidental stop- 
page or delay, they know where they are liable to be encoun- 
tered. Special trains are supplied on sudden and unforeseen 
occasions, and although their drivers are informed of the move- 
ment of the regular trains, and may therefore provide against 
collision, this information is not reciprocal. 

Excursion trains are exceptional but not unforeseeOt and are 
not, therefore, as unsafe as special trains. They are, neverthe- 
less, to be avoided by those who scrupulously consult their safety. 
An examination of the statisthis of accidents would conclusively 
prove the prudence of such a course. 

Example. 

Bfaryport and Carlisle Nov. 10, 1846. Colliaion between a special train and 

a coal train, in consequence of neg- 
lect on the part of the signal man 
at the Wigton station, and of the 
agent and superintendent of loco- 
motives at Carlisle, in not inform- 
ing the driver of the coal-train that 
a special train was expected, and 
that he was not to start until it 
arrived. Engine-driver and sole 
passenger injured. 

Illustration. 

The danger of collision with special trains may be diminished 
by the use of the electric telegraph. 

Example, 

Edinbiurgh and Glasgow May 19, 1845. Special train from Glasgow, contain- 
ing only one passenger, lost speed 
by the wt^y, and was overtaken 
and run into by a passenger train 
that started an hour and a half 
after it, the engine of which crush- 
ed the carriage of the special train, 
and killed the occupant. 

RULE IX. 

IF THE TRAIN IN WHICH YOU TRAVEL MEET WITH AN ACCI- 
DENT, BY WHICH IT IS STOPPED AT A PART OF THE LINE, 
OR AT A TIME WHERE SUCH STOPPAGE IS NOT REGULAR, IT 
IS MORE ADVISABLE TO QUIT THE CARRIAGE THAN TO STAT 
IN IT, BUT IN QUITTING IT REMEMBER RULES I., V., AND VI* 

Illustration. 
It may be affirmed generally, that there is always more or 
less danger on a railway when carriages or wagons are found 
at a place where, in the regular working of the line, they ought 
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not to be. In such cases, a train following them, not expecting 
to find thern there, is likely to run upon them, and produce a 
collision. I have personally witnessed more than one example 
of this, and the reports of the railway commissioners supply 
several. I should therefore recommend the above rule for 
general observance ; but in leaving the train passe^igers should 
beware of crossing the line, or standing on it, or of getting out 
of the carriages at the wrong side. 

Examples. 

Southwestern Jan. 14, 1848. The engine of a passenger train hav- 
ing been partially disabled, the en- 
gine-driver got under it to repair 
the damage. While thus employedt 
a goods train overtook and ran into 
the passenger train, causing the in- 
stant death of the driver, and injury 
to the fireman and eleven passen- 
gers; also injury to one of the 
guards of the goods train. 

Manchester and Leeds March 9, 1847. Passenger train stopped by broken 

axle ; another train belon^ng to the 
Manchester and Leeds Railway 
Company, notwithstanding signals 
were made, ran into and injured 
the two hindmost carriages. 

Midland Oct. 20, 1845. Pilot engine, sent aftefa disaUed pas- 
senger train to assist it, overtook 
and ran into it. Two passengers 
killed. 

RULE X. 

BEWARE OF YIELDING TO THE SUDDEN IMPULSE TO SPRING 
FROM THE CARRIAGE TO RECOVER TOUR HAT WHICH HAS 
BLOWN OFF, OR A PARCEL DROPPED. 

Illustration. 

It would appear that there is an instinctive impulse, which 
in some individuals is almost irresistible, to leap from a train 
to recover their hats when blown off or accidentally dropped. 
The reports of railway accidents supply numerous examples 
of this. 

Examples. 

North Midland April ], 1844. Passenger jumped out afler his hat 

Arm broken by fall. 

Great Western July 23, 1844. Passenger jumped out of a carriage 

after his hat while the train was 
in motion. Killed. 

Edinburgh and Glasgow Dec. 2, 1846. Falling between carriages in motion, 

white attempting to recover his cap, 
which had been blown off into the 
next carriage. Killed. 

Eastern Cputiefl March 4, 1849. Jumping out after hat, hip dislocated. 
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Northwestern June 96, 1847. Jumping out after hat, injured. 

Ditto May 10, 1847. Ditto, killed. 

Manchester and Birmingham. Oct. 16, 1645. Struck by a bridge while getting on, 

the roof of one of the carriages to 
recover his hat wliicb had been 
blown off. Killed. 

Edmhurgh and Glasgow Feb. 22, 1845. Jumping out after his hat. Injured. 

Dublin and Kingstown Dec. 10, 1845. Jumped from a train after a parcel 

which had fallen. Injured. 

Manchester and Leeds Jan. 33, 1845. Attempting to recover his hat, fell 

off the train. Killed. 

Northwestern June 26, 1847. Jumping after his hat from a train in 

motion. Killed. 

Ditto May 10, 1847. Jumping after his hat firom a train in 

motion, fell upon a block of stone, 
and was killed on the spot 

Barham Union April 12, 1848. Trespasser run over while seeking to 

recover his hat, which had been 
blown across the line. Killed. 

RULE XI. 



WHEN YOU START ON TOUR JOURNEY, SELECT, IF YOU CAN, A 
CARRIAGE AT OR AS NEAR AS POSSIBLE TO THE CENTRE OF 
THE TRAIN. 

Illustration. 

In case of collision, the first and the last carriages of a train 
are the most liable to danaage. If the train run into another, 
the foremost carriages suffer. If it be run into by a train 
overtaking it, the hindmost carriages suffer. Almost every 
case of collision affords an example illustrating this rule. 

In case of the engine running off the rails, the carriages most 
likely to suffer are the foremost. 



Examples. 



Eastern Counties July 25, 1845. 



Southeastern July 28, 1845. 



London and Brighton June 14, 1847. 



Pilot engine, which was to assist a 
passeiiger and goods train up the 
Brentwood incline, ran into it too 
rapidly, through want of care on 
the part of the engineman. Two 
passengers injured. 

A passenger train having left the 
Tonbridge station at 6*30, p.m., 
without tail lamps, a pilot engine 
was sent after it with lamps. Ow- 
ing to the reckless conduct of the 
driver, the pilot engine ran into 
the train at the Penhurst station. 
Twenty-two passengers injured. 

An engine having been sent to assist 
a passenger train up an incline, ran 
into it, injuring four passengers. 



RULE XII. 

DO NOT ATTEMPT TO HAND AN ARTICLE INTO A TRAIN IK 

MOTION. 
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Example. 

London and Brighton Feb. 15, 1847. While handing a tMuiket to the guard 

of a passing train, had his coat 
caught by one of the carriages, 
and was dragged under the wb^ls. 
KlUed. 

RULJE XIII. 

IP TOU TRAVEL WITH TOUR PRIVATE CARRIAGE, DO NOT SIT IN 
IT ON THE RAILWAY. TAKE TOUR PLACE BT PREFERENCE 
IN ONE OF THE REGULAR RAILWAT CARRIAGES. 

Illustration. 

The regular railway carriages are safer in case of accident 
than a private carriage placed on a truck. They are stronger 
and heavier. They are less liable to be thrown off the rails, 
or to be crushed or overthrown in case of a collision. The 
cinders ejected from the smoke funnel of the engine are gen- 
erally in a state of vivid ignition, and if they happen to fall on 
any combustible object, are liable to set fire to it. The railway 
carriages are constructed so as to be secured from such an 
accident, but private carriages are not so, and, moreover, from 
their greater elevation when placed on a truck, are more ex- 
posed. Serious accidents have sometimes occurred from this 
causer 

The trucks which carry private carriages are also often 
placed at the end of the train, the least safe position. (See 
KULE XL) 

Example. 

On the 8th Dec, 1847, an accident happened to the Countess of Zetland, while 
traveling in her private carriage, on the Midland Railway, of which Lady Zetland 
herself gave the following narrative. The accident occurred about 5 o'clock in the 
afternoon, as the train was approaching Rugby from Derby, en route to London, and 
at about six miles from Rugby. 

" Aske, Richmond, Torluhin. 

" On the 8th of December, I left Darlington by the 9h. 25m. train for London. I 
traveled in my chariot with my maid. The carriage was strapped on to a truck, and 
placed with its back to the engine, about the centre of the train, which, was a long one. 
Soon after leaving Leicester, I thought I smelt something burning, and told my maid 
to lonk out of the window on her side to see if any thing was on fire. She let down 
the window, and so many lumps of red-hot coal or coke were showerine down that 
she put it up again immediately. I still thought I smelt something bunung; she put 
down the window again, and exclaimed that the ctu-riage was on fire. We then put 
down the side-windows, and waved our handkerchiefs, screaming ' fire' as loud as 
we could. No one took any notice of us. I then pulled up the windows, lest the 
current of air through the carriage should cause the fire to bum more rapidly into the 
carriage, and determined to sit in it as long as possible. After some time seeing that 
no assistance was likely to be afforded us, my maid became terrified, and, without 
telling roe her intention, opened the door, let down the step, and scrambled out on to 
the truck. I followed her, but having unluckily let myself down toward the back 
part of the carriage, which was on fire, was obliged to put up the step and close the 
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door as well as I could to enable me to pus to the front part of the carrii^e, Airthest 
from the fire, and where my maid was standing. We clung on by the front springs of 
the carriage, screaming ' fire incessantly, and waving our handkerchiefs. We passed 
several policemen on the road, none of whom took any notice of us. No- guard 
appeared. A gentleman in the carriage behind mine saw us, but could render no 
assistance. My maid seemed in an agony of terror, and I saw her sit down on the 
side of the truck and gather her cloak tightly about her. I think I told her to hold 
tast to the carriage. I turned away for a moment to wave my handkerchief, and 
when I looked round again my poor maid was gone. The train went on, the fire of 
course increasing, and the wind blowing it toward me. A man (a passenger) crept 
along the ledge of the railway carriages, and came as near as possible to the truck on 
which I stood, but it was impossible for him to h%Ip me. At last the train stopped at 
the Rugby station. An engine was sent back to find my maid. She was found on 
the road and taken to the Leicester Hospital, where she now lies in an almost hope- 
less state : her skull fractured ; three of her fingers have been amputated. I am told 
the train was going at the rate of 50 mites an hour. 

t (Signed) " S. Y. Zktland.*' 

The train, consisting of seven passenger carriages, two brake-vans, and four private 
carriages on trucks — altogether thirteen separate carriages — was drawn by an ^Hgbie 
with driver and fireman, and was under the charge of one guard, who was jdi^fad in 
the rear of the entire train, and within a luggage-van, from which it was impdtoible 
for him to see the biuming carriage, which was the eighth A'om the engine. 

RULE XIV. 

BEWARE OF PROCEEDING ON A COACH ROAD ACROSS A RAILWAY 
AT A LEVEL CROSSING. NEVER DO SO WITHOUT THE EXPRESS 
SANCTION OF THE GATEKEEPER. 

Illustration^ 

On the English railways, commoD roads are usually carried 
over or under the railway, which is crossed by or crosses them, 
by bridges. This, however, is not invariable, and the greatest 
caution should be observed in passing such level crossings. 
A restive horse has frequently produced injurious or fatal 
accidents in such cases. 

RULE XV. 

WHEN YOU CAN CHOOSE YOUR TIME, ^RAVEL BY DAY RATHER 
THAN BY night; AND IP NOT URGENTLY PRESSED, DO NOT 
TRAVEL IN FOGGY WEATHER. 

Accidents from collision and from encountering impediments 
accidentally placed on the road happen more frequently at night 
and in foggy weather, than by day and in clear weather. 



Persons on or near railways appear to be seized with a 
delirium or fascination which determines their will by an irre- 
sistible impulse to throw themselves under an approaching 
train. Cases of this kind occur so frequently, and under such 
circumstances as can not be adequately explained by predia* 
position to suicide. 



« 
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Examples. 

Midland Jane 30, 1845. Plate-layer, Jumped fladAenly iki fitnf 

of a train in motion ; no eaiue can 
be assigned. 

Ditto June 2S, 1845. Trespasser, ran from behkid a bridfe, 

and laid himself across Uie rails in 
front of an approaching train. 

Ditto Sept. 18, 1845^ Trespasser, laid liis neck on the rail 

in front at an approaehiog train; 
« supposed to be insane. 

Southwestern June 9, 18^. Francis Arney threw himself onder 

the wheels of train. Killed. 

Glaeeow and Paisley Nov. 19, 1 847. A woman of dissipated habits rushed 

from the side of the raUway, and 
throwing herself in front of an 
approaching train, was nm over. 
Killed. 

Southwestern Feb. 19, 18ia Person committed suicide hy pladng 

himself before an approaching train. 

Sheffield and Monchester .... May 4, 1846. Person committed suicide by laying 

himself across the rails in front of 
an aporoacbing train. 



CHAPTER XV. 

ELECTRIC TELEORAPB. 



Although the subject of the present Tolame is filiated to the 
economy of railways, and therefore a notice of the adaptatioD of 
the electric telegraph to railway purposes might, strictly speak- 
iug, be considered as sufficient, yet, probably, from the great 
interest attached to this curious application of physical science 
to commercial and social objects, some brief exposition of itB 
origin and the mode of producing its effects may not be unac- 
ceptable. 

The discovery of electricity as a science dates within a cen- 
tury, and the discovery of those phenomena which have been 
rendered subservient to telegraphic purposes dates within a 
much more brief period, having been for the nM>st part made 
within the last 25 years. 

The leading phenomena of electricity had not long engaged 
the attention of the scientific world before the idea of conveying 
intelligence by them to a distance was suggested, and many in** 
genious persons employed themselves in contriving telegraphs by 
which this might be accomplished. 

Several of these had been suggested, and actually tested bj 



Chap. XV.] ELECTRIO TELEGRAPH. , 297 

experiment on a considerable scale, in the early part of the 
present century. 

It was not, however, until within the last 15 or 16 years that 
the invention, which has now been reduced to svch extensive 
practice, actually assumed a form in which it might be regarded 
as practically useful. 

The means whereby electricity has become ntefiii as a tele- 
graphic agent are easily explained. 

The electric influence admits of being propagated to a distance 
from the place of its production, in virtue of a quality by which 
it passes by preference over certain substances rather l^an 
others. 

These substances are called for distinctioo Conductors^ while 
the other class of substances upon which the influeiice refuses 
to pass are called Non-conductors. 

The most conspicuous examples of the one class are the 
metals ; the most conspicuous examples of the other are the 
resins, wax, silk, &cc. The rate at which the electric ibtluence 
passes along a conducting substance, such as a metallic wire or 
rod, is not accurately ascertained, but it appears tolerably cer- 
tain that it is not less than the speed at which light is propagated, 
that is to say, at the rate of aboul^ 200,000 miles per second. 

The second quality by which electricity subserves to tele- 
graphic purposes is its power of producing sensible or mechan- 
ical effects of various kinds after having passed over any length 
of a conducting substance. 

These effects, which may be used as signals, are very various. 
Among them are the production of a visible spark, the decom- 
position of water, the deflexion of a magnetic needle from its 
position of rest, and the power to convert iron suddenly inta a 
magnet, and as suddenly to divest it of the magnetic virtue. 

The first two of these effects were suggested at an early 
period in the history of this invention, but the two latter were 
ultimately found to be the most available, and are now the only 
effects used as signals. 

To explain the deflexion, let us suppose a copper wire ex- 
tended over the magnetic needle of a common compass so that 
the direction of the wire shall be parallel to the needle without 
touching it. In this state of things the needle will remain un- 
disturbed ; but if we send a galvanic cuiTent along the wire, which 
may be done by connecting the extremities of the wire with a 
common galvanic trough, the needle will instantly throw itself 
at right angles to the wire, and will remain in that positioo so 
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loDg as the gal?anic current is maiotained ; but if that enrrent 
be discontinued, by withdrawing either end of the wire from 
the trough, the needle will instantly resume itd position of rest. 

It is found, also, that the north pole of the needle will turn, 
in this case, in the one direction or in the other, according to 
the direction given to the galvanic current. If this current flow 
in one direction, the north pole will throw itself to the east, and 
the south to the west ; if it flow in the contrary direction, the 
north pole will be thrown to the west, and the south pole to the 
east. 

To explain the last-mentioned eflbct of the sudden conversion 
of iron into a magnet, and the sudden destruction of the mag- 
netic virtue' thus imparted, let us suppose a copper wire to be 
coiled round a piece of soft iron spirally, so that the successive 
coils shall not touch each other or touch the iron, which may be 
done by coating the wire with silk, or any resinous or non-conduct- 
ing substance. This being done, let us suppose that an electric 
current is transmitted through the wire, so that it shall flow 
spirally round the rod of soft iron, which may be effected by 
placing, as before, the ends of the wire in a galvanic trough. If 
steel filings, a needle, or any light piece of iron, be brought near 
the iron thus circumstanced, they will instantly be attracted by 
it, showing that it has acquired the magnetic virtue ; and this 
effect will continue to be produced so long as the galvanic cur- 
rent shall be maintained along the spiral wire ; but the instant 
the end of the wire is withdrawn^ from the galvanic trough, the 
magnetic virtue deserts the iron, and it will no longer attract. 

To render intelligible the means by which these properties 
have been made instrumental to the transmission of intelligence 
to a distance, let us suppose a quantity of copper wire to be 
coated with a substance which is at once a non-conductor of 
electricity, which is impenetrable by moisture, and is capable 
of withstanding the vicissitudes of weather. The wire thus 
inclosed still retains its power of transmitting the electric influ- 
ence, while the non-conducting coating in which it is enveloped 
effidctually prevents the escape of the subtle fluid. The elec- 
tric fluid flowing along such a wire may be regarded as in all 
respects similar to water or gas flowing through a tube, being 
as effectually confined within the tube of non-conducting sub- 
stance which surrounds the wire as the water or gas in the iron 
tube provided to conduct it, but being infinitely more free to 
move within this tube than is either the water or the gas ; in- 
deed, the power of numbers can scarcely express the superior 
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freedom of motion which the one fluid has, compared with the 
others. In passing along the wire, in this case, the electric 
fluid loses none of its virtue; however extended the wire may 
be, on arriving at its extremity, it will be capable of producing 
the same sensible or mechanical effects. It will still deflect the 
magnetic needle, or impart the attractive power to soft iron. 

Now let us imagine the globe of the earth to be surrounded 
by such a wire as we have here described, the extremities being 
brought to the right and left hand of the operator. The mo- 
ment the galvanic current is transmitted through it at one end, 
a magnetic needle will be deflected at the other end, or a piece 
of soft iron, arranged as above described, will receive the at- 
tractive power, and this after the electric fluid has made the 
circuit of the globe. The interval of time which will elapse 
between the moment at which the electric fluid starts on its 
trip and the moment when it arrives at and deflects the needle, 
or imparts the attractive power to the iron, will not be so much 
as the eighth part of the iqterval between two beats of a com- 
mon clock ; yet in this interval the fluid will have made the 
entire circuit of the globe. 

It will now be easily understood how, by carrying this wire 
coated by non-conductors, as just described, to comparatively 
short distances along the sides of roads, and 'supported on non- 
conducting rollers, signals may be made instantaneously at dis- 
tances which, however great, are incomparably less than that 
which we have here supposed. 

It now only remains to explain in what manner the signals 
may be multiplied and varied so as to indicate letters, figures, 
and words. 

I have explained that a masrnetic needle will be deflected 
either to the right or to the feft, according to the direction given 
to the current. Now it is always easy to give the current one 
direction or the other by merely changing the ends of the gal- 
vanic trough with which the wire is connected. A person, 
therefore, in London, having command over the end of a wire 
which extends to Edinburgh, and is there connected with a 
magnetic needle, can deflect this needle to the right or to the 
left at will. 

Thus a single wire and a magnetic ^«^edle are capabla of 
making at least two signals. 

But signals, whatever may be the form of telegraph used, 
may be multiplied by repetition. Thus the operator at London 
may make the needle at Edinburgh move twice. SHccessively to 
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the left, and this miiy be conventionally settled as a sign, iiide- 
pendent of that which is produced by a single movement to the 
left. In like manner, two successive movements to the right 
will supply another signal, and thus we have four mdependeiit 
signals. 

But from these four signals we may immediately produce four 
more, as we may combine one movement to the right with two 
to the left, one to the left with two to the right, or one to the 
right with one to the left, or two to the right with two to the 
left ; and thus we have eight independent signals. 

We may carry this method further, and so arrange the sys- 
tem that three successive movements to the right and three 
successive movements to the left shall have independent signi- 
fications ; and these again may be combined with each of the 
eight signals already explained ; and, in short, we may carry 
this system to an extent which shall be limited only by the in- 
convenience of the delay which would take place in making the 
repetitions necessary for such signals. 

Apart from this deky, however, it is clear thdt with a single 
wire and a single needle we may easily obtain expiressions for 
all the letters of the alphabet and the ten numerals. 

But to obviate the inconvenience which would attend multi- 
plied repetitions in the movements of a single needle, W0 may 
provide two independent wires which shall act upon twa inde- 
pendent needles. 

Each of these needles primarily will afford two independent 
signals by their movements right and left These four signals 
may be combined in paWg, so as to afford four other signals pro- 
ducible by a single movement. Thus, simultaneously with the 
right-hand movement of one needle we may produce the right- 
hand movement of the other. In ihe same way we may simul- 
taneously produce the left-hand movement of both, or the right- 
hand of either combined with the left-hand movemerijt of the 
other, which would give eight independent signals, th^ produc- 
tion of each of which would occupy no mote time than that of 
a single movement. We may then adapt the signals by double 
movement of each needle, which, combined with each other, 
and with the single movements, will afford another set of com- 
binations ; and by combining these systems, we may obviously ob- 
tain all the signals requisite to express the letters and numerals. 

Such is, in general, the nature of the signals adopted in the 
electric telegraphs in ordinary use in England, and in some other 
parts of Europe. 
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It may aid the cooception of the mode of operation and com- 

manication if we assimilate the apparatus to the dial of a clock 

^with its two hands. Let us suppose that a dial, instead of car* 

rying hands, carried two needles, and that their north poles, 

when quiescent, both pointed to 12 o^clock. 

When the galvanic current is conducted under either of them, 
the north pole will turn either to 3 o'clock or to 9 o'clock, ac- 
cording to the direction given to the current. 

Now, it is easy to imagine a person in London governing the 
hands of such a clock erected in Edinburgh, where their indica- 
tions might be interpreted according to a way previously agreed 
upon. Thus, we may suppose that when the needle No. 1 
turns to 9, the letter A is expressed ; if it tarn to 3, the letter 
B is expressed. If the needle No. 2 turn to 9 o'clock, the letter 
C is expressed ; if it turn to 3, the letter D. If both needles 
are turned to 9, tho letter E is expressed ; if both to 3, the let- 
ter F. If No. 1 be turned to 9, and No. 2 to 3, the letter G is 
expressed ; if No. 2 be turned to 9, and No. 1 to 3, the letter 
H, and so forth. 

It may be presumed that there can be bat little difficulty in 
conceiving how, by practice, two persons nay communicate 
with each other by such means, almost, if nol^ altogether, as rap- 
idly as they could write and read'. 

But a difficulty will doubtless suggest itself to the intelligent 
and inquisitive reader. It will be asked whether a sentinel 
must be kept ever on the watch to observe when a message is 
coming ; for as the hands of our clock do not speak, notice could 
only be received of a coming message by the incessant vigilance 
of an observer. 

"Would it not, however, be admirable if we could attach to this 
clock a striking apparatus which should address the ear the mo- 
ment a message is about to be sent, and which should, as it 
were, awaken the attention of the person on duty? 

Such an expedient has, in fact, been contrived. The person 
in London who desires to communicate a message to the tele- 
graphic agent at Edinburgh can actually make the clock strike 
at his will, and thus command attention. 

The manner in which this is accomplished is as admirable 
by its simplicity and efficiency as that which we have josfi de- 
scribed. 

The quality resorted to in this case is the last of those we 
have mentioned above, namely, the power to impart the mag- 
netic virtue at will to soft iron. 
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One of the wires conducted from LoDdon passes into theohmm^ 
ber of the telegraphic apparatus at Edinburgh, where it is con- 
nected with a coil of wire which envelops a rod of soft iron. 
The ends of this rod, which has the form of a horse-shoe, are 
placed in contiguity, but not in contact, with the detent of a 
striking apparatus like an alarm-bell. When a message is about 
to be sent from London this bell-wire is put in communication 
with the galvanic trough in London. Immediately the subtle 
fluid flows along the wire and converts the horse-shoe rod at 
Edinburgh into a powerful magnet. 

The attractive power which it thus suddenly receives irresist- 
ibly draws toward it the detent of the alarum, and lets go th« 
bell, which continues to ring until the agent of the telegraph at 
Edinburgh answers the demand of the messenger from London, 
and tells him he is attentive. Then the London commttnicator 
withdraws the galvanic current from the bell-wire, the horse- 
shoe at Edinburgh is instantly deprived of its magnetic virtue, 
the detent flies back to its place by the action of a spring, and 
silences the bell. 

I do not pretend, nor is it necessary here, to go into the prac- 
tical details of the electric telegraph. My object is merely to 
render its principle and mode of communication generally intel- 
ligible, which I trust will be efl^ected by the preceding observa- 
tions. 

While the observer stands reading the indications of the dial 
plate, the amanuensis sits beside him, committing to paper from 
dictation the message, which is speedily transmitted to those to 
whom it is addressed. 

This is generally the mode in which the electric telegraphs 
in Europe are constructed and worked. 

In the United States, where the electric telegrapk is exten- 
sively used, a diflerent, and in some respects a more efficient, 
mode of operation has been adopted. There the signal by mag- 
netic needle is not used, and the entire operation of t\x0 tele- 
graph is eflected in virtue of the power to make and unmake a 
magnet by coiling the electric current round soft iron. The 
paramount advantage of the American system is that it not only 
transmits the message, but writes it. 

Incidental to this there is a further advantage, that it is possi- 
ble to keep the message secret even from the agents of the 
telegraph. 

The principle of the American telegraph is easily explained. 

Let us suppose a small lever formed of steel and balanced on 
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a point. At one end of this lever let a point be formed, bo as to 
constitute a pencil or style. Under the other end let a horse- 
shoe of soft iron be placed, at snch a distance that, when the 
latter shall receive the magnetic virtue from the electric current, 
the lever will be drawn to the horse-shoe ; and let it be so 
arranged, by means of a spring or otherwise, that, when the 
horse-shoe shall lose its magnetic virtue, the lever shall detach 
itself from the magnet, and the end bearing the pencil or style 
shall fall. 

By such an arrangement, whenever the soft Iron is ren^ 
dered magnetic, the pencil will be raised to a certain definite, 
position, and will be maintained in that position so long as the 
horse-shoe continues to be magnetic ; but ^ the moment the 
horse-shoe loses its juagnetic power, then the pencil will fiedl. ^ 

Now, suppose that immediately above the pencil is placed a 
small roller or cylinder, under which a band or ribbon of paper 
passes, and that this paper receives a slow and regular progress- 
ive motion from the cylinder. 

Whenever the pencil is raised by the magnet, its point presses 
upon the paper, and if it is kept pressed against the paper, which 
moves over it, a line will be traced byihe pencil. If the pencil 
be only momentarily brought into contact with the paper, a dot 
will be produced ; if it be kept in contact with the paper only 
twice the length of time necessary to produce a dot, a line will 
be produced, the length of which will be twice the magnitude 
of the dot ; if it be kept in contact with the paper three times 
as long as is necessary to make a dot, a line will be produced of 
three times the length, and so on. 

It is clear, then, that if we have the power of keeping the 
pencil any determinate time In contact with the paper, or of 
making it only momentarily touch the paper, the paper being 
understood, as before mentioned, to be kept moving uniformly 
and progressively over the pencil, we can at pleasure make dots 
and lines of various determinate lengths, and also combinations 
of dots and lines of different lengths. 

We can further, by leaving the pencil at intervals of more or 
less length out of contact with the paper, leave between these 
lines and dots spaces of more or less width. 

It is easy to imagine that a conventional alphabet may be 
formed by these lines and dots, and their combinations, and that 
words may be thus formed. The spaces left while the pencil 
is not in contact with the paper might indicate the separation of 
the letters, words, and sentences. Small spaces might indicate 
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the separation of letters, greater spaces the separation of words, 
and greater still the separation of sentences. 

As the formation of an alphabet by sach signs is eyidentlj arbi- 
trary, and as infinitely various alphabets may be formed by the 
endless combinations which such a system offers, no particular 
signs need be indicated here, it being sufficient for our present 
purpose to show the principle. 

To explain the operation of this system, let us suppose a per- 
son at New York desirous of sending a message to New Orleans. 
A wire of the uBual kind connects the two places. 

The end at New Orleans is coiled round a horse-shoe magnet, 
as above described. The end at New York can be put in com- 
munication with the galvanic trough at the will of the person 
sending the message. The instant the oommunicatioD is estab- 
lished, the horse-shoe of soil iron at New Orleans becomes mag- 
netic, it attracts the snMil} lever, and presses the pencil against 
the paper. 

The moment the operator at New York detaches the wire 
from the trough, the horse-shoe at New Orleans loses its mag- 
netic power, and the pencil drops from the paper. It is clear, 
then, that the operator at New York, by putting the wire in 
contact with the trough, and detaching it, and by maintaining 
the contact for longer or shorter intervals, can make the pencil 
at New Orleans act upon the paper, as already described, so as 
to make upon it dots and lines of determinate length, combined 
in any manner he may desii'e, and separated by any desired 
intervals. 

In a word, the operator at New York can write a letter with 
a pencil and paper which are at New Orleans. 

Provisions in such an arrangement are made so that the motion 
of the paper does not begin until the message is about to be com- 
menced, and ceases when the message is written. This is 
easily accomplished by the same principle as has been already 
doBcribed in the case of the bell, which gives notice to the at- 
tendant in the European telegraph. The cylinders which con- 
duct the band of paper are moved by wheel- work, and a weight 
properly regulated. Their motion is imparted by a detent, 
which detent is detached by the action of the magnet, and returns 
to its position, and stops the motion when the magnet loses its 
virtue. 

Without going into detail on this point, it is evident that the 
object may be accomplished by various expedients. 

Such is the principle of the electric telegraph as used in 
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the XlDited States. A blaok-lead pencil was first adopted, and ' * 
afterward a sort of fountain-pen, but ultimately it was found 
most convenient to use a style consisting of a steel point, which 
forms a trace upon the paper, and produces marks in relief like * 
those with which blind persons are enabled to read. ' 

When the message is completed, the st^^) of paper on which 
il is written is cut off, and incloeed in an envelope addressed to 
the person for whom it is intended. 

It is possible by this system for two correspondents to have 
a language, of which they alone have the key, and even the 
operator who communicates the message may be unable to in- 
terpret what he himself writes. The address alone, in this case, mti 
is rendered intelligible to the agent of the telegraph. 

Another advantage of this system is that it supersedes the 
necessity of an amanuensis, and prevents the possibility of error 
in taking down a message. 

In the needle telegraph one person intsfrprets and reads, and 
another writes, and the signals, ds fast as they are made, are, 
as it were, effaced and obliterated. In the American telegraph 
the signals themselves are rendered permanent. 

While I am writing these pages, projects are in progress for 
electric communication on a scale still more extensive, and having 
objects the importance of which it is difficult to estimate. It is 
proposed to establish electric wires between London and the 
Continent, across the Straits of Dover, by sinking them in the 
bottom of the Channel. If this be realized, intelligence may be 
instantaneously transmitted from the English capital to any part 
of Europe to which the telegraphic arrangements extend. 

But this project, startling as it is, sinks into insignificance 4ii 
comparison with another which has been still more recently ^ 

announced. 

It is said that at New York a proposition has been made ta« 
establish electric wires between New York and England, by * * fj 
sinking them to the bottom of the Atlantic. The estimate of ,] 

the expenses of realizing this project is said to be about d66(K),(J00 ; 
and by the expenditure of this sum thirty-six wires, protected by 
a coating of gutta percha, and guaranteed to last for ten years, i 

can be carried through the Atlantic from New York to London. 
The projectors are reported to have offered to guarantee the 
completion of the arrangements in less than two years. The 
total length of the wires to be employed would be about 120,000 
miles. 

In England the electric telegraphs are in the hands of a private 
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company, which has a practical monopoly of them ; and, as is 
invariably the case with all monopolies, complaints and remon- 
strances, well or ill founded, are constantly brought against the 
establishment. 

A central station is established in London, in Lothbury, near 
the Bank of England. The lower part of the building is ap- 
propriated to the reception of orders and messages. A person 
desiring to forward a message to any part of England connected 
with London by the wires writes his message on a sheet of letter- 
paper, provided for the purpose, and prepared according to a 
printed form, having the names and address of the writer, and 
of the party to whom the message is communicated, in blank 
spaces assigned to them, together with the date and hour at 
which the message is dispatched. The answer is received, 
accompanied by the date and hour at which the message arrived, 
and at which the answer was dispatched. 

The tai'iff of charges for transmission of telegraphic messages 
differs very much, according to the destination of the message, 
and is not strictly regulated by distance. 

The charge, for example, from London to Dover is, or was 
lately, about 6d, a word ; while the charge between Birmingham 
and Stafford, a greater distance, was something less than 4e£, a 
word. The charge between London and York is 5'^d. per 
word, between Loudon and Edinburgh 7*Sd. per word». and 
between London and Glasgow 8'id, per word. 

The room containing the telegraphic instruments is in the upper 
part of the building, to which communications by wires are made 
from a cellar in the lower part, where the galvanic apparatus is 
deposited. This apparatus consists of a collection of galvanic 
batteries, having different powers, to be used according to the 
distance to which the message is to be transmitted, ^he wires 
which communicate between this establishment and the termini 
of the several railways are inclosed in leaden pipes, which are 
carried under the streets. There they are connected with the 
wires supported on poles, with which every railway traveler is 
familiar, and by which the communication is maintained with 
different parts of the country. 

It is found that by practice the operators of the telegraphic 
instruments are able to communicate about 20 words per minute, 
being nearly at the same rate as ordinary writing. 

In the chief telegraphic stations in different parts of the 
country, besides the transmission of private messages, a sort of 
subscription intelligence rooms have been opened, where the 
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subsciibers can daily and hourly obtain in common tfae^neral 
commercial information which is most in request ; soqh as die 
state of the stock and share miurket» and of tiie money market; 
the state of the wind And weather at difSnrent ports of the kjog- 
dom; shipping and sporting intelligence; the rates of the mavkets 
of every description; and the general political news of most 
importance. These subscription-rooms are supplied by the 
establishment in London, at which a sort of telegraphic editor 
prepares from the morning papers at an early hour a short 
abstract of the most important news — the stock market, &e., dec. 

This, when prepared and written out, is sent up to the instru- 
ment room, from whence it is dispatched to the various subscrip- 
tion rooms in different parts of the country. It arrives there by 
8 o'clock in the morning, and is immediately accessible to the 
subscribers. All news of adequate importance is thus diffused 
over the kingdom literally with the speed of lightning. Thus 
the public in Edinburgh are informed by 8 o'clock in the morning 
of all interesting facts which appear in the London morning 
journals, which are not issued in the metropolis niitil^#0'clock. 

The provincial journals also profit by these means iaf obtaining 
intelligence, and are enabled to supply in their columns all im- 
portant news as early as it can be supplied by the London journals^ 

Whatever be the nature of signal used, the wires which con- 
vey the electric current over the country may be constructed in 
either of two ways, the one by being supported on poles, as is 
usual in this country ; the other by being sunk under ground like 
gas or water-pipes. The latter method has some advantage. jm 
security, being less liable to be disturbed by ill-disposed persons 
or by accident. It has been found that the flight of birds has 
sometimes accidentally broken the communication, the birds 
striking the wire, and breaking or deranging it; violent storms 
also have occasionally blown down the posts and broken the wires. 

In Prussia, where there are about 1400 miles of electric tele- 
graph in operation, the wire is buried, being protected with a 
covering of gutta percha. It is said that in the lata political 
disturbances a small portion of the electric telegraph, which 
was erected above ground on posts in that country, was destroyed 
by the populace, while all that portion which was buried renmined 
undisturbed. 

An improvement on the American method has lately been 
projected, though, so far ^ as I am informed, not yet actually 
realized. Instead of making arbitrary signs by a style on paper, 
consisting of lines and dots, it is proposed to make the magnet 
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actually bring types to aet apon the paper, «o as to print the 
words in the ordinary language. 

Whatever be the nature of the sign employed by this method, 
it is estimated that 1000 words an hour can be printed by it. 

The extent of electric telegraph in operation in Eogland is at 
present about 2000 miles. The extent in operation in America 
is said to be 10,000 miles. The East India Company have 
adopted a project for establishing a line of telegraphic communi- 
cation through a portion of their territory, which will consist of 
10,000 miles in length, and will be laid under ground. 

The cost of constructing the electric telegraph varies extremely 
in different countries, according to the conditions of the popula- 
tion, and the cost of labor, land, and materials. In England the 
electric telegraph is said to have cost at the rate of <£150 a mile, 
while in America its cost has not exceeded d630. Considerable 
sacrifices, however, have been made to facilitate ^e construction 
of the telegraph in that country. The £euiners and settlers re- 
siding along the line are allowed the use of the telegraph for 
their own purposes, as a compensation to theni for watching the 
wires and repairing them when necessary, for which purpose 
they are furnished with the requisite tools and instmctions. In 
this way an entire population, among whom the telegmph pasBes, 
are interested in its preservation. 



CHAPTER XVI. 

INLAND TRANSPORT IN THE UNITED STATES. 

No quarter of the globe presents a natural apparatns of in- 
ternal communication so stupendous as that which the European 
settlers found at their disposal on the North American continent. 

This immense tract, included between the Atlantic and the 
Kocky Mountains on the east and west, the great chain of lakes 
extending from Lake Superior to Lake Ontario on the north, 
and the Gulf of Mexico on the south, is divided into two districts 
by the ridge of the Alleghanies, which traverses it in a direction 
north and south. The western division consists of the vast valley 
drained by the Mississippi and its tributaries, a territory greater 
in superficial extent than Western Europe^ The eastern district 
consists of that portion between the AU^ghanytidge and the 



Ohap.XYI.] INLAND>rRAiapC9rf.Il«^tHA^1ftSTATBS. 309 

Atlantic, falling toward -the oceiiBt.«htf drained «by ioDoiiiei^Ua 
rivers, navigable for vessels of greater or leu burden^, igiid 
runniDg generally eastward. 

Provided with such means of water QOitiiiDQnicafJbn, it might 
have been expected that a population thinly scattered o?er ai^"* 
area so extensive, and engrossed by the exigencids of incipient , . 
agriculture, would have continued for agee contented Mrith means 
of transport afforded them on so vast a scale, without having 
recourse to the resources of art. 

It is, however, the character of man, and mora especially of 
Anglo-Saxon man, never to rest, satisfied. iui|il he renders the 
gifts of nature, however munificent, ten times move finitful by 
his industry and skill; and it will be presently seen to what a 
prodigious extent the enterprise of the popnlationof the United 
States has improved these means of inland transport. ^ • 

CANAL NAVIGATION. 

The spectacle of a machinery of commerce so imposing in 
magnitude and power, and so remarkably co-extensi?e with 
the vastnesst the fertility, and the mineral wealth of the terri- 
tory of which this emigrant p«tpple fonnd themselves possessorSi 
only provoked their ambition to rival the enterprise of the 
parent country, and to import and naturalize its improvements 
and its arts. Their independence was scarcely established be- 
fore the same resources of arts and science which ages had not 
been more than sufficient to develop in Britain were invoked ; 
and a system of artificial communication was undertaken, and 
finally executed, on the new continent, for which, all things 
considered, there is no parallel in the history of civilization. 

Immediately after the acknowledgment of the independence 
of the American colonies by England, in 1783, several com- 
panies were formed in the two principal states of the Unionv 
those of New York and Pennsylvania, for the purpose nf con- 
structing a system of canals. These enterprises were accord- 
ingly commenced, bat on a scale too limited for the attainment 
of the ultimate objects ; and as the United States advaaeed in 
commercial prosperity, more extensive plans were adopted. In 
1807 the senate charged the Secretary of State^ Mr. Gallatin, 
to prepare a project for a general system of intercommunication 
by canals, based upon the geographical character of the territory 
of the Union. ^ » 

A system of artificial water communication* was aceopdiagly. 
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projected, which, with sorae modifications was at a later period 
adopted and carried into execution. 

These projects, however, suffered an interruption from the 
renewal of the war in 1812; and it was not antil five years later 
that the vast works were commenced, the result of which has 
been a system of inland navigation which is without a rival in 
any country in the world. 

On the anniversary of the Declaration of Independence, cele- 
brated the 4th July, 1817, the commencement of the great line 
of canal connecting the Hudson with Lake Erie was inaugu- 
rated. The river Hudson presented a navigable communication 
for vessels of a large class from New York to Albany. The 
object of this line of canal was to open a water communication 
between Albany and the northern lakes, so as to connect, by 
continuous water communication, the Northwestern States 
with the Atlantic. 

In less than eight years this work was accomplished by the 
state of New York, with its exclusive resources. 

That state alone executed and brought into operation the 
largest canal in the world. As first constructed, the Erie canal, 
with its branches, cost d£2,600,000 sterling; but its magnitude 
and proportions being still found inadequate to the exigencies 
of a continually increasing traffic, its enlargement was decided 
upon in 1835, and about five years ago it was finally completed, 
at a cost of upward of 665,000,000 sterling. The total length 
of this canal is 363 miles, and its cost of construction per mile 
was therefore about d£13,700. 

Meanwhile the other states of the Union did not remain in- 
active. Pennsylvania especially rivaled New York in these 
enterprises, and became intersected with canals in all direc- 
tions. In short, these works were undertaken to a greater or 
less extent in most of the Atlantic and some of the Western 
States ; and the American Union now possesses a sytem of 
internal artificial water comunication amounting to nearly 4500 
miles, executed with a degree of skill and perfection rarely 
surpassed by any similar works constructed in the states of 
Europe. 

According to M. Michel Chevalier, whose work on this sub* 
ject supplies most voluminous and valuable details,* the extent 

* " Histoire et Description des Voles de Communication aux Etate' 
TJnis, et des Travanx d' Art qui en dependent," par Michel Chevalier : 
Paris, 1840^1843. 
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of canals which were in operation in the United States on 
January 1, 1843, was 4333 miles. There Was & further ex- 
tent projected, but not executed, amounting to 2359 nliles. 

The total cost of executing the canals which were completed 
was, according to M. Chevalier, <£27,870,964, being at t^e 
average rate of 6£6,432 per mile. 

If that portion remaining to be constructed could be executed 
at the same rate, its cost would be 6615,173,088. 

This extent of artificial water communication, compared 
with the population, exhibits, in a striking point of view, the 
activity and enterprise which characterize the American people. 

It appears, from what has been stated, that in the Ifnited 
States, the population of which, according to the census of 
1840, was 17,069,493, there was one mile of canal navigation 
for 3,939 inhabitants. Now, in the United Kingdom, there ^re 
only 3000 miles of canal navigation. The population, according 
to the census of 1840, was twenty-seven millions. There is, 
therefore, only one mile of canal to every 9000 inhabitants. 
The extent of canal navigation, therefore, in< America, bears a 
proportion to the population greater than in the United King- 
dom, in the ratio of 9 to 4. 

In France, the entire length of canal navigation is 2700 miles, 
with a population of thirty-five millions. There is, therefore, 
one mile of canal for every 12,962 inhabitants. The 'canal 
navigation, therefore, in France, bears a less proportion to its 
population than in the United States, in the ratio of 13 to 4, 
very nearly. 



RIVER NAVIGATION. 

The river navigation of the United States is on a scale com- 
mensurate with the extent of their territory. The division of 
the country east of the Alleghanies, forming the Atlantic States, 
is drained by a vast number of rivers, of the first and second 
class, all navigable for vessels of considerable burden, the prin- 
cipal of which are the Hudson, the Delaware, the Susque- 
hanna, the Connecticut, the Potomac, the James, the Roanoke, 
the Savannah, and, to the southward, the Altamaha and the 
Alabama. 

The western division is drained by the Mississippi and its 
hundred tributaries, navigable for vessels of great tonnage for 
several thousands of miles. 



312 RAILWAY ECONOMY. £Chj.p. XVI. 

Besides the internal communication supplied by rivers, prop- 
erly so called, a vast apparatus of water transport is derived 
from the geographical character of the extensive coast, stretch- 
ing for about four thousand miles, from the Gulf of St. Law- 
rence to the delta of the Mississippi, indented and serrated in 
every part with natural harbors and sheltered bays, fringed 
with islands, forming sounds, throwing out capes and protbon- 
tories, which inclose arms of the sea, in which the waters are 
free from the roll of the ocean, and which, for all the purposes 
of internal navigation, have the character of rivers and lakes. 
The lines of communication, formed by the vast and numerous 
rivers, are completed in the interior by chains of lakes, pre- 
senting the most extensive bodies of fresh water in the known 
world. 

Whatever may be the dispute maintained among the histo- 
rians of art as to the conflicting claims for the invention of 
steam navigation, it is an incontestible fact that the first steam- 
boat practically exhibited for any useful purpose, was placed on 
the Hudson, to ply between New York and Albany, in the be- 
ginning of the year 1808. From that time to the present, this 
river has been the theatre of the most remarkable series of 
experiments on locomotion on water ever recorded in the 
history of man. 

The Hudson rises near Lake Champlain, the easternmost 
of the great chain of lakes or inland seas which extend from 
east to west across the northern boundary of the United States. 
The river follows nearly a straight course southwaj'd for two 
hundred and fifty miles, and empties itself into the sea at New 
York. The influence of the tide is felt as far as Albany, above 
which the stream begins to contract. Although this river, in 
magnitude and extent, is by no means equal to several others 
which intersect the States, it is nevertheless rendered an ob- 
ject of great interest by reason of the importance and extent 
of its trade. The produce of the state of New York, and that 
of the banks of the lakes Ontario and £rie, are transported by 
it to the city; and one of the most extensive and populous dis- 
tricts of the United States is supplied with the necessary im- 
ports by its waters. A large fleet of vessels is constantly en- 
gaged in its navigation ; nor is the tardy but picturesque sailing' 
vessel as yet excluded by the more rapid steamer. The cur- 
rent of the Hudson is said to average nearly three mHes an 
hour ; but as the ebb and flow of the tide are felt as far as 
Albany, the passage of the steamers between that place and 
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New York may be regarded as equally affected by currents in 
both directions. The passage, therefore, whether in ascending 
or descending the river, is raade in the same tinae. 

This river is navigable by steamers of a large class as far as 
Albany, nearly 150 miles above New York. 

Attempts have been made, but hitherto without much success, 
to push the navigation a few miles higher, as far as the import-" 
ant town of Troy. The impediments arising however from the 
shallowness of the river appear to be so serious, that Albany 
has continued, and probably will continue, to be the limit of 
steam navigation in this direction. 

The steam navigation of the Hudson is entitled to attention, 
not only because of the immense traffic of which it is the 
vehicle, but because it forms a sort of model for most of the 
the rivers of the Atlantic states. This navigation is conducted, 
as will be seen, in a manner and on a principle altogether 
different from that which prevails on the Mississippi and its 
tributaries. 

In the steam-vessels used on these rivers, no other strength 
or stability is required than is sufficient to enable them to float 
and bear a progressive motion through the water. Not having 
to encounter the agitated surface of an open sea, they are 
supplied with heither rigging nor sails, and are built exclusively 
with a view to speed. Compared with sea-going steamers, 
they are slender and weak in their structure, with gt^at 
length in proportion to their beam, and a very small draft of 
water. 

The position and form of the machinery are affected by 
these circumstances. Without the necessity of being protected 
from a rough sea, the engines are placed on the deck in a com^ 
paratively elevated situation. The cylinders of large diameter 
and short-stroke, almost invariably used in sea^going ships, are 
rejected in these river boats, and the proportions are reversed 
— a comparatively small diameter and a stroke of great length 
being adopted. It is but rarely that two engines are used. A 
single engine, placed in the centre of the deck, drives a crank 
placed on the axle of the enormous paddle-wheels. The great 
magnitude of these latter, and the velocity imparted to them, 
enable them to perform the office of fly-wheels, and to carry 
the engine through its dead points with but little perceptible 
inequality of motion. The length of stroke adopted in these 
engines supplies the means of using the expansive principle 
with great effect. 

O 
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The tteamera which narigate the Hadaoq are vetisels of great 
wagaitude, apleadidly fitted up for the accommodation of pai- 
aengara ; sad this magnitude aod apleadur of accMamoda^on 
have been eootiaually aagmeated from year to year to the 
preaent time. 

In the following table I have giTeu the dinwoeioiiB of nine 
Bteamera which were worked od the Hudson preTionsfy to 
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Within the Inet tea years conaiderable changes have (Men 
made in tlie prapur-tiun and dimensions of tbe veBsels oaTigating 
this river ; all these changes having s tendency to augment 
tboir magnitude aad poweVi to diminish their draft of WHter, 
and to increase the play of tbe expaDsive principle. Increased 
length and beam have been resorted to with great success. 
Vessels of the largest class now draw ooly as much water as 
the smallest drew a few years ago : 4fC. 6in. is now regarded 
as the msximum. la the following table I have ezlnbited tbe 
dimensions and other pai'ticulars of nine of the most efficient 
and most recently built stesraors plying on tho Hudson and its 
collateral streams ; and by a comparison of this with Hifi formw 
table, it will be seen to what ao extent the dimensions and p& 
rieocy of these vessels have been increased. 
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It ia not only in dimensiciiiB that these *esBeI( hsve uDdei^ 
gODe impiavements. The exhibition of the beautifaU; (aiahed 
tnachiuery of tlie English Atlanlic ateaniers did aot fail to excite 
the emnlatioD of the American engineerB and sMam-boat pro- 
prietors, who ceased to be cooteut with the comparativeljr rade 
though efficient atructure of Ihe mecbaDism of their steam-boata. 
All tho veaaele moie recantlj coostructed are accordingly lia- 
iahed and even decorated in the moet luxurious maDuer.' Ia 
respect of the accuinmodutlona which thej afford to paBaengers, 
no water cominuuicalion iu any cauntrj in the world can com- 
pare with them. Nothing can exceed the aplendor aod luxury 
. of the furuLtura. Silk, velvet, aad the most expenaive carpet- 
ing, mirrora of immeaae magnitude, gilding and carving, are 
uaed profusely in their decoralions. Even the eogina-rooni iu 
aoiae of them is lined with mirrors. In- the AJida, for example, 
the eod uf the room contBiniog the machlaery ia composed of 
one large mirror, in which the movementa of the highly-finished 
machinery aio reflected. 

All tho uew and largest class of steamers, auch u the laaikc , 
Newton, the Hendrik Hudson, the New World, the Oregou, 
and the Allda, are capable of running fi-om twenty to twenty- 
two miles an hour, and make, on an avenge, eighteeu miles an 
hour without the least elfai't. These extraordinary speeds are 
obtained usually by rendering the bollera capable bf carrying 
steam irom forty to Mtj ponoda pressure above the atmosphere, 
and by urging the fires with fanners, worked by an independent 
engine, by which the furnaces can be forced to any desiredestent. 
It is right lo observe here that this extreme increaie of spMd 
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is obtained at a disproportionately increased coosumption of fael. 
When the speed is increased, the space through which the ves- 
sel must be propelled per minute is increased in the same pro- 
portion : and, at the same time, the resistance which the moving 
power has to overcome is augmented in the ratio of the square 
of the speed. Hence, the effect to be produced by the moving 
power per minute, is increased by two causes : first, the actual 
resistance which it has to overcome is augmented in the ratio 
of the square of the speed ; and, secondly, the space through 
which the moving power has to act against this ];'e8i8tance ia 
each minute is increased in the ratio of the speed. Thus, the 
total expenditure of moving power per minute will be augment- 
ed in the proportion of the cube of the speed. 

Let us suppose the speed to be increased, for example, from 
eighteen to twenty-one miles an hour : the power to be ex- 
pended per minute to produce this effect must be increased in 
the ratio of the cube of 18 to the cube- of 21, or, what is the 
same, in the ratio of the cube of 6 to the cube of 7, that is, in 
the ratio of 216 to 348, or as 3 to 5 very nearly. 

Hence, if the furnaces could be worked with equal economy, 
an increased consumption of fuel per hour would be necessary 
in the proportion of 3 to 5 ; but the waste incurred by urging 
the blowers so as to produce a sufficiently vivid combustion is so 
great, that it is practically found that the consumption of fuel is 
increased in a much higher ratio than that which results from 
the increased resistance, and indeed in some cases that the in- 
crease of three or four miles an hour on eighteen miles will* 
cause nearly triple the consumption of fuel. 

Much of the efficiency of these engines arises from the appli- 
cation of the expansive principle ; but to this there has been 
hitherto a limit, owing to the inequality of the action of the pis- 
ton when urged by expanding steam on the crank. When the 
steam is cut off at less than half-stroke, the force of the piston 
is diminished before the termination of the stroke to less than 
one half its original amount. This inequality is aggravated by 
the relative position of the crank and connecting rod, the lever- 
age diminishing in nearly the same proportion as the power of 
the piston diminishes. On this account it has not been found 
generally practicable to cut off the steam at less than half-stroke. 

A recent improvement, invented by Captain Ericsson, is 
directed to remove this defect. The steam is worked succes- 
sively in two cylinders of different magnitudes, as in the engines 
of Woolf and Hornblower, but without allowing the action of the 
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first piston to impair the effect of the secood ; and the arrange- 
ment of the coDnectioo between the piston and the crank-shaft 
is such, that, notwithstanding the expansion of the steam to from 
twenty to thirty times its original volume, the action on the 
crank is more uniform than in the common crank engine, even 
when worked without expansion. 

The effect of this arrangement is reported to be a saving in 
the consumption of fuel of very large amount. A small trial 
engine of ten-horse power is stated to have been worked by the 
consumption of 15 lbs. of coal per hour, being at the rate of l^lb. 
per horse per hour.* 

It must be observed, in relation to the navigation of these 
eastern rivers, that the occurrence of explosions is almost' un- 
heard of. During the last ten years, not a single catastrophe 
of that kind has occurred on them, although cylindrical boilers 
ten feet in diameter, and composed of plating -j^ths of an inch 
thick, are commonly used with steam of fifty pounds pressure 
above the atmosphere. 

It will be seen by the table given above, that the paddle- 
wheels used on these rivers have extraordinary magnitude. 
There is nothing particular in their construction. The split 
paddle-board, which was adopted about ten years since, has 
been discontinued, and has given way to the simple and contin- 
uous paddle-board. These boards, however, are generally placed 
alternately at greater and less distances from the centre, some- 
what like a break-joint. Wooden spokes, with cast-iron centre 
pieces, are generally adopted. 

The steam is universally worked with expansion, the valves 
for its admission and emission being moved independently of each 
other. A separate engine is generally provided for driving the 
blowers, and a cylindrical fan-blower is employed for each boiler. 
Some of these blowers are ten feet in diameter, being driven by 
a crank placed on their axle, which receives its motion from the 
small independent engine. 

The great power developed by these river engines is due, not 

* I have since received from Captain Ericsson a more exact report 
of the performance of the model engine of ten-horse power. It ap- 
pears that, in long-continued work, its average consumption of fuel is 
25 lbs. per hour, or 25 lbs. per horse power. Thfe is considered ex- 
cessive by the inventor, and ascribed to the small dimensions of the 
engine. An engine of larger power is now being constructed at New 
York, which, it is expected, will work with much greater economy of 
fuel. 
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so much to the magnitude of their cylinders, as the pressure of 
steam used in them. The New World, one of the most recently 
constructed boats, has a cylinder seventy-six inches in diameter, 
and fifteen feet stroke. The steam has forty pounds pressure 
in the boiler, and is out off at half-stroke. The wheels, which 
are forty-five feet in diameter, make sixteen revolutions per 
minute. The speed of the circumference of the wheel will, 
therefore be twenty-five miles an hour; so that, if the speed of 
the boat be twenty miles an hour, we have the difference, five 
miles, giving the relative movement of the edge of the paddle- 
boards through the water. 

To ascertain the power developed by these engines, let us 
suppose the mean effective pressure on the piston, taking into 
account the vacuum produced by the condenser, and supposing 
the steam to be cut off at half-stroke, to be 40 lbs. per square 
inch, the area of the piston being 4536 square inches, and the 
stroke 15 feet ; the piston moves through 30 feet during each 
revolution of the wheels ; and since 16 revolutions take place 
per minute, we shall find the effective force developed by the 
piston by multiplying its area, 4536, by twice the length of the 
stroke, which is 30, and by 16, which is the number of revolu- 
tions per minute. This product multiplied by 40, the number 
of pounds effective pressure per square inch, gives 87,091,200 lbs. 
raised one foot high per minute as the power developed by the 
engine. This is equivalent, according to the ordinary raode of 
expressing steam power, to 2640 horse power. 

Whatever allowance, therefore, may be made for friction^ 
&c., it is clear that the effective power thus obtained must be 
greater than any thing hitherto executed on water. 

The increase of the dimensions of these vessels and their 
machinery has been attended with a greatly alimented econ- 
omy of fuel. 

On comparing the Hendrik Hudson, for example, wclh the 
Troy, a vessel formerly well known, plying between New York 
and Albany, it has been found that when the speed of the former 
is reduced to an equality with that of the latter, the trip between 
New York and Albany being performed in the same time, the 
former consumed thirteen tons of coal while the latter consumed 
twenty; yet the displacement of the Hendrik Hudson, owing 
to its increased dimensions, is nearly twice that of the Troy. 

The ease with which these vessels of extraordinary length 
and beam and small drafb move through the water is very re- 
markable. The results of their performance show that the 
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resistance per square foot of immersed midship section 10 not 
perceptibly increased by the increased length of the vessel, and 
the consequently augmented surface and friction. This anomaly 
has qot been explained, but it is certain that the increased length 
does not diminish the effect of the moving power in any per- 
ceptible degree. 

Practical evidence of the economy arising from this jncrease 
of power and dimensions is supplied by the fact that the pro- 
prietors of the Hudson steamboats reduced their tariff for pas- 
sengers, as well as for freight, as they increased the size of their 
vessels. 

Previously to 1844, the lowest Tare between New York and 
Albany, one hundred and forty-five miles, was four shillings and 
fourpence (one dollar). At present the fere is two shillings and 
twopence, and for an additional sum of the same amount the 
passenger can command the luxury of a separate state-room. 
When the splendor and magnitude of the accommodation is 
considered, the magnificence of the ftirniture and accessories, 
the cheapness and luxuriousness of the table (each meal, sup- 
plied on the most liberal scale, costing only two shillings and 
twopence), it will be admitted that no similar example of cheap 
locomotion can be found in any part of the world. Passengers 
may there be transported in a floating palace, surrounded with 
all the conveniences and luxuries of the most splendid hotel, at 
the rate of twenty miles an hour, for less than one-sixth of a 
penny per head per mile ! 

It is not an uncommon occurrence, during the summer, to 
meet individuals on board these boats, who have lodged them- 
selves there permanently during a certain part of the season, 
instead of establishing themselves, as is customary, at some of 
the hotels in the towns on the banks of the river. Their daily 
expenses in the boat are as follows : 

9. d. 

Fare 2 2 

Exclusive use of state-room, &o 2 2 

Breakfast, dinner, and supper 6 6 

Total daily expense for board, lodging, at- | ■ 

tendance, and traveling 150 miles at from > 10 10 
1 8 to 20 miles an hour ) 

Such accommodation is, on the whole, more economical than 
an hotel. The state room is as luxuriously furnished as the 
most handsome bed-room, and is more spacious than the room 
in packet ships similarly designated. 
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To obtain an adeqaate notion of the form and structure of on» 
of the first-class steamboats on the Hudiioa, let it be supposed 
that a boat is constructed similar in form to a Thames wherry^ 
but above three hundred feet long, and twenty^ve or thirty feet 
wide. Upon this, let a platform of carpentry be laid, projecting 
several feet upon either side of the boat, and at stem and stern. 
The appearance to the eye will then be that of an immense 
raft, from two hundred and fifty to three hundred and fifty feet 
long, and some thirty or forty feet wide. Upon this flooring let 
us imagine an oblong, rectangular wooden erection^ two stories 
high, to be raised. In the lower part^f the boat, and under the 
flooring just mentioned, a long, narrow room is constructed, 
having a series of berths at either side, three or four tiers high. 
In the centre of this flooring i^ usually, but not always, inclosed 
an oblong, rectangular space, within which the steam machinery 
is placed, and this inclosed space is continued upward through 
the structure raised on the platform^ and is intersected at a cer- 
tain height above the platform by the shaft or axle of the paddle- 
wheels. 

These wheels are propelled, generally, by a single engine, 
but occasionally, as in European states, by two. The paddle- 
wheels are usually of great diameter, varying from thirty to 
forty feet, according to the magnitude of the boat. In the 
wooden building raised upon the platform already mentioned, is 
contained a magnificent saloon devoted to ladies, and to those 
gentlemen who accompany them. Over this, in the upper story, 
is constructed a row of small bedrooms, each handsomely fur- 
nished, which those passengers can have who desire seclusioD, 
by paying a small additional fare. 

The lower apartment is commonly used as a dining or break- 
fast room. 

In some boats, the wheels are propelled by two engines, which 
are placed on the platform which overhangs the boat at either 
side, each wheel being propelled by an independent engine-; the 
wheels, in this case, acting independently of each other, and 
without a common shaft or axle.* This leaves the entire space 
in the boat, from stem to stern, free from machinery. It is 
impossible to describe the magnificent '•'•coup d'cdl" which is 
presented by the immense apparent length when the commu- 
nication between them is thrown open. Some of these boQts» 

* The steamboat, Empire, which was recently lost by collision with 
another vessel, was thus constructed. 
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as has been already stated, are upward of three hundred feet 
loDg, and the uninterrupted length of the saloons corresponds 
with this. 

This arrangement of machinery is attended with some prac- 
tical advantages, one of which is a facility of turning, as the 
wheels, acting independently of each other, may be driven in 
opposite directions, one propelling forward and the other back- ^ 
ward, so that the boat may be made to turn, as it were, on its 
centre. Although, from the great width of the Hudson, no 
great difficulty is encountered in turning the longest boat, yet 
cases occur in which this power of revolution is found extremely 
advantageous. 

Another advantage of this system is, that when one of the 
two engines becomes accidentally disabled, the boat can be pro- 
pelled by the other. 

The general appearance of the Hudson steamers is repre- 
sented in the annexed engraving of the *« Iron Witch.'* 

No spectacle can be more remarkable than that which the 
Hudson presents for several miles above New York. The skill 
with which these enormous vessels, measuring from three to 
four hundred feet in length, are made to thrid their way through 
the crowd of shipping, of every description, moving over the 
face of these spacious rivers, and the rare occurrence of acci- 
dents from collision, are truly admirable. In a dark night these 
boats run at the top of their speed through fleets of sailing ves- 
sels. The bells through which the steersman speaks to the 
engineer scarcely ever cease. Of these bells there are several 
of different tones, indicating the different operations which the 
engineer is commanded to make, such as stopping, starting, re- 
versing, slackening, accelerating, &c. At the slightest tap of 
one of these bells, these enormous engines are stopped, or 
started, or reversed by the engineer, as though they were the 
plaything of a child. These vessels, proceeding ^t sixteen or 
eighteen miles an hour, are propelled among the crowded ship- 
ping with so much skill as almost to graze the sides, bows, or 
sterns of the vessels among which they pass. 

The difficulty attending these evolutions by a vessel such as 
the New World, for example, one hundred and twenty-fhre yards 
long and twelve yards wide, may be easily imagined ; and the 
promptitude and certainty with which an engine whose pistons 
are seventy-six inches in diameter, and whose stroke is five yards • 
in length, is governed, must be truly surprising. 

The navigation of the other rivers of the Atlantic States differs 

o* 
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in nothing from that of the Hudson and its collateral branches, 
except in the extent of their traffic and the magnitude and power 
of the steamers. The enghies, in all cases, are constructed on 
the condensing principle ; and although steam of forty or fifty 
pounds aboYe the pressure of the atmosphere is frequently used, 
it is worked expansively, and a good vacuum is always sustained 
behind the piston by means of the condenser. 

The steam navigation of the Mississippi is conducted in a 
manner entirely different from that of the Hudson and the East- 
ern rivers. Every one must be familiar with the lamentable 
accidents which happen from time to time, and the loss of Itfe 
from explosion which continually takes place in these regions. 

These accidents, instead ofdirainishing with the improyements 
of art, appear rather to have increased. Engineers, disregarding 
the heart-rending narratives continually published, have done 
literally nothing to check the evil ; and it may be almost said to 
be a disgrace to humanity, that the legislature of the Union has 
not ere this interposed its authority to check abuses, which ard 
productive of such calamities. 

In a Mississippi steam-boat the cabins and saloons provided for 
the accommodation of the passengers, though less magnificently 
furnished, are as spacious as those already described in the boats 
on the Hudson. They are, however, erected on a flooring or 
platform, six or eight feet above the deck of the vessel. Upon 
this deck, and in the space under the cabins and saloons allotted 
to the passengers, are placed the engines, which are of the 
coarsest structure. They are invariably worked with high- 
pressure steam without condensation ; and in order to obtain 
that effect which, in the boats on the Hudson, is due to the vac- 
uum, tho steam is worked at an extraordinary pressure. I have 
myself frequently witnessed boilers of the most inartificial con- 
struction worked with steam of the full pressure of 120 lbs. per 
square inch ; but more recently this, pressure has been increased, 
the ordinary working pressure being now 150 lbs., and I am 
assured, on good authority, that it is not unfrequeatly raised to 
even 200 lbs. The boilers are cylindrical, of large diameter, tod 
of tho rudest kind. When returning flues are constructed in 
them, the space left is so small, that the slightest variation in the 
quantity of water they contain, or in the trim of the vessel, 
causes the upper flues to be uncovered, and the intense actiofl 
of the furnace in this case soon renders them red-hot, when a 
frightful collapse is almost inevitable. The red-hot iron, no 
longer able to resist the intense pressure, gives way, the boiler 
explodes, and the scalding water is scattered in all dir«cti6ns. 
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often producing more terrible effects than even the fragments of 
the boiler, which are projected around with destructive force. 

Another frequent cause of explosion in these boilers, is the 
quantity of mud held in suspension in the waters of the Missis- 
sippi below the mouth of the Missouri. As the water in the 
boiler is evaporated, the earthy matter which it held in suspen- 
sion remains behind, and accumulates in the boiler, in the bottom 
of which it is at length collected in a thick stratum. This pro- 
duces effects similar to those which take place in marine boilers, 
in consequence of the deposition of salt. This earthy stratum 
collected within the boiler being a non-conductor, the heat pro- 
ceeding from the furnace is interrupted, and, instead of heing 
absorbed by the water, is accumulated in the boiler-plates, which 
it ultimately renders red-hot. Being thus softened, they give 
way, and the boiler bursts. The only preventative remedy of 
this catastrophe is, to blow the water out of the boiler from time 
to time, before a dangerous accumulation of mud takes place, in 
the same manner as marine boilers are blown out to prevent.the 
accumulation of salt. The engine-drivers and captains, however, 
rarely attend to this process. They are too intently bent upon 
obtaining speed, and, to use their own phrase, *« going ahead.'* 
They do not hesitate to endanger their own lives and those of 
the passengers, rather than allow themselves to be outrun by a 
rival boat. 

Not only the Mississippi, but the Ohio, the Missouri, the 
Illinois, the Red River, and, in a word, all the tributaries of the 
Father of rivers, are navigated for many thousands of miles by 
this description of boats, worked with the same reckless disre- 
gard of human life. 

The magnitude and splendor of these boats is little if at all 
inferior to those of the Hudson. They are, however, constructed 
more with a view to the accommodation of freight, as they carry 
down the river large quantities of cotton and other produce, as 
well as passengers, to the port of New Orleans. Many of these 
vessels are three hundred feet and upward in length, and are 
capable of carrying a thousand tons freight, and three jar four 
hundred deck passengers, besides the cabin passengers. The 
traffic in goods and passengers of the entire extent of the im- 
mense valley of the Mississippi is carried by these vessels, except 
that portion which is floated down by the stream in a species of 
raft called flat boats. 

This line of steam navigation is continued up the Mississippi, 
branching east and west along its great tributaries. The Ohio 
carries it eastward ns fnr as Pittsburgh in Pennsylvania. A 
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canal connects the Ohio at Cincinnati with Lake Erie. The 
navigation of the Upper Mississippi is continued by the IHinois 
river to a port near Lake Michigan, with which it is connected 
by a canal extending to Chicago, on the western shore of that 
lake. Here commences the great chain of Lake steam naviga- 
tion, which extends across the northern division of the States, 
traversing Lakes Michigan, Huron, Erie, and Ontario, and being 
continued along the St. Lawrence to Montreal and Quebec. 
The lakes are connected by canals, and the navigation is effected 
by steam-boats having submerged propellers at their stern, con- 
structed almost universally according to the principle of Captain 
Ericsson. Upward of fifty vessels propelled by this improved 
method are now (1849) working between Chicago and Quebec, 
carrying grain and other products. Chicago is by this means 
converted into a port of great importance. This transit is further 
facilitated by the improvements recently made in the navigation 
of the St. Lawrence. 

By the Erie canal, connecting the lake of that name with the 
head of che Hudson navigation at Albany, the circuit of navigaiton 
round the United States is completed. 

Notwithstanding the facilities for coast navigation which are' 
offered along the Atlantic shores from New York southward, 
successful efforts have been directed to establish a parallel inland 
communication by the Potomac and the Hudson. A line of 
inland steamers, also driven by Ericsson's propellers, are estab- 
lished between the Potomac and New York by Chesapeake Bay, 
the Delaware, the Chesapeake and Delaware canal, the Dela- 
ware and Raritan canal, and the Raritan river, and by these 
means the same line of communication is extended to the shores 
of New England and Long Island Sound. 

A project is introduced, and likely to be carried into effect, 
for enlarging the Great Erie canal, so as to admit of steamers 
impelled by the same means. When this shall be effected, the, 
entire extent of the States, from Washington, by New York, 
Albany, the great Northern Lakes, and the Mississippi, to New 
Orleans, will be surrounded by a continuous chain of inland steam 
navigation. The importance of this internal communication in 
the event of a war must he apparent. 

Although the limits of the subject of this work would naturally 
confine it to inland communication, it will not be without interest 
to exhibit here the particulars of some of the steam-vessels 
intended for sea navigation. I have accordingly given, io the 
following table, the dimensions of some of those which have been 
most recently constructed, or are in process of constructioQ : 
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RAILWAYS. 

* 

The phenomena of transport so unexpectedly .developed on 
the opening of the Liverpool and Manchester Railway,* and the 
miracles of swift locomotion there exhibited, had no sooner been 
announced, than the Americans, with their usual ardor, resolved 
to import this great improvement; and projects of passenger 
railways, on the vast scale which characterizes all their enter- 
prises, were immediately put forth. 

Some lines of railway in isolated positions, around coal works 
and manufactories, had been, as in England, already for some 
years in operation. It was not, however, until after 1830 that 
the railway system began to assume in America the character 
which it had already taken in England. A few years were suf- 
ficient to bring it into practical operation in several parts of New 
England and in the State of New York ; and once commenced, 
its progress was exti'emely rapid. A system nearly 9000 miles 
in length of railway in different parts of the Union was projected. 
A great portion of this, however, has not yet been brought into 
operation, and a part not even commenced. The total length 
of railways now in actual operation, exclusive of some lines 
about the mining districts and private establishments, amounts 
to something more than 6000 miles. More than 4000 miles of 
these were in operation as early as 1843, before England or any 
other country of Europe possessed railway communication lit all 
approaching to the same extent. 

As might naturally have been expected, the chief theatre of 
railway enterprise has been the Atlantic States. The Missis- 
sippi and its immense tributaries serve the purposes of commerce 
and intercommunication for the Western States so efficiently, 
and the population is comparatively so thinly spread over them, 
that many years will probably pass away before any considerable 
extent of railway communication will be established in that vast 
territory. Nevertheless, there are detached examples of rail- 
ways serving local purposes in different parts of the Mississippi 
valley. Thus there are in the State of Mississippi five short 
railways ; in Louisiana ten ; a few in Florida, Alabama, Illinois, 
Michigan, Indiana, and Ohio. These are, however, detached 
and single, and form nothing approaching to a system. They 
are generally constructed to connect pc^ulous towns with the 
nearest adjacent navigable rivers*' 

To the traveler in these wilds, the aspect of such artificial lines 
of transport in the midst of a country a great portion of which is 
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still in the state of native forest is most remarkable, and strongly 
characterifltic of the irrepressible spirit of enterprise of its pop- 
ulation. Traveling in the back woods of Mississippi, through na- 
tive forests where, till within a few years, human foot never trod, 
through solitudes the stillness of which was never broken even by 
the red man, I have been filled with wonder to find myself drawn 
on a railway by an engine driven by an artisan from Liverpool, 
and whirled at the rate of twenty miles an hour by the highest 
refinements of the art of locomotion. It is not easy to describe 
the impression produced as one sees the frightened deer start 
from its lair at the snorting of the ponderous machine and the 
appearance of the snake-like train which follows it, and when 
one reflects on all that man has accomplished within half a cen^ 
tury in this region. 

Of the total length of railways which overspread the territory 
of the Union, more than the half are constructed in the States 
of Pennsylvania, New York, and those of New England. The 
principal centres from which these lines of communication 
diverge are Boston, New York, and Philadelphia. 

A considerable extent, though of less importance, diverges 
from Baltimore ; and recently lines of communication of great 
length have been constructed, from Charleston in South Carolina, 
and from Savannah in Georgia. 

From Boston three trunk lines issue ; the chief of whith 
passes through the State of Massachusetts to Albany, on the 
Hudson. This line of railway is two hundred miles in length, 
and appears destined to carry a considerable trafific. Its ramifi- 
cations southward, through the smaller states of New England, 
are numerous, chiefly leading to the ports upon Long Island 
Sound, which communicate by steamboats with New York. 
The first branch is carried from Worcester, in Massachusetts, 
to New London on the Sound, where it meets a short steam 
ferry which communicates with Greenport, at the eastern ex- 
tremity of Long Island, from which another railway, nearly 100 
miles long, is carried to Brooklyn, which occupies the shore of 
that island immediately opposite New York, and communicates 
with, the latter city by a steam ferry. 

Thus there is a continued railway communication from Boston 
to New York, interrupted only by two ferries. 

Another branch of the great Massachusetts line is carried 
south from Springfield, through Hartford to New Haven ; and a 
third from Pittsfield to Bridgeport, both the latter placed being 
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on the Sound, and communicating with New York by steam-^ 
boats. 

The second trunk line from Boston proceeds southward to 
Providence, and thence to Stonington, from which it communi- 
cates by a forry with the Long Island Railway. This trunk 
line throws off a branch from Foxburgh to New Bedford, where 
it communicates by ferries with the group of islands and prom- 
ontories clustered rouud Cape Cod. 

A third trunk line proceeds from Boston through the State of 
Maine. 

Notwithstanding the speed and perfection of the stean^ navi- 
gation of the Hudson, a railway is now being constructed on the 
east side of that river to Albany, which which will be opened in 
the course of 1850. The section terminating at New York is 
already in operation. 

From Albany an extensive line of railway communication, 323 
miles in length, is carried across the entire State of New York 
to Buffalo, at the head of Lake £rie-, with branches to some 
important places on the one side and on the other* This line 
forms the continuation of the western railway, carried from 
Boston to Albany, and, combined with this latter, completes the 
continuous railway communication from the harbor of Boston to 
that of Buffalo on Lake Erie, making an entire length. of railway 
communication, from Boston to Buffalo, of 523 miles. 

The bi'anches constructed from this trunk line are not numer- 
ous. There is one from Schenectady to Troy, on the Hudson, 
and another from Schenectady to Saratoga ; another from Syra- 
cuse to Oswego, on Lake Ontario ; and another from Buffalo to 
the falls of Niagara, and from thence to Lockport. 

Not content with this fine line of communication to the West- 
ern Lakes, the commercial interestsof New York have projected^ 
and in part constructed, a more direct route from New York to 
Buffalo, independent of the Hudson. 

The disadvantage of this river as a sole means of communica- 
tion is, that, during a certain portion of the winter, all traffic 
upon it is suspended by frost. In this case, the line of railway 
communicating already from Bridgeport and New Haven to Al- 
bany has been resorted to by travelers. However, it may bo 
regarded as certain, that the intermediate traflSo of the State of 
New York along the direct line of railway now in pi"t)gre8S fron^ 
that city to Buffalo, will very speedily be sufficient for the sup- 
port of an independent hne of railway. 

The immediate environs of New York are served by several 
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short railways, as is usual, indeed, in all great capitals where 
the railway system of transport prevails. 

The line connecting that city with Harlem is analogoiis in 
many respects to the Greenwich and Blackwall lines at London, 
and the Versailles and St. Germain lines at Paris. It is sup- 
ported by a like description of traffic The New York line, how- 
ever, has this peculiarity, that it is conducted through the streets 
of the capital upon their natural level, without either cutting, 
tunnel, or embankment. The carriages, on entering the town, 
are drawn by horses, four horses being allowed to each coach; 
each coach carrying from sixty to eighty persons, and being con- 
structed like the railway coaches in general in the United States. 

The rails along the streets are laid down in a manner similar 
to that which is customary at places where lines of railway in 
England cross turnpike roads on a level. The surface of the 
rail is flush with the pavement, and a cavity is left for the flange 
to sink in. 

Other short railways, from New York to Patterson, Morris- 
town, and Somerville, require no particular note. 

The great line of railway already described, from Boston to 
New York, is continued southward from that capital to Phila- 
delphia. There are here two rival lines ; one of which, com- 
mencing from Jersey city on the Hudson, opposite the southei^ 
part of New York, is carried to Bordentown, on the left bank 
of the Delaware, whence the traflic is carried by steamboats a 
few miles further to Philadelphia. The rival line commences 
from South Amboy in New Jersey, to which the traffic is 
brought from New York by steamers plying on the Raritan 
river, which separates New Jersey from Staten Island. From 
Amboy, the railway is continued to Camden, on the left bank 
of the Delaware opposite Philadelphia. 

By far the greater part of the traffic between New York and 
Philadelphia is carried by the former line. 

Philadelphia is the next great centre from which railways 
diverge. One line is carried westward through the State of 
Pennsylvania, passing through Reading, and terminating at 
Pottsville, in the midst of the great Pennsylvanian coal-field. 
There it connects with a network of small railways, serving the 
coal and iron mines of this locality. This line of railway is a 
descending line toward Philadelphia, and serves the purposes 
of the mining districts better than a level. The loaded trains 
descend usually with but little effort to the moving power, while 
the empty wagons are drawn back. 
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The passenger traffic is chiefly between Keadiog and Phila- 
delphia. 

Another line of railway is carried westward through the State 
of Pennsylvania, passing through Lancaster, Harrisburg, the 
seat of the legislature, Carlisle, and Chambersburg, where it 
approaches the Baltimore and Ohio Kailway. The length of 
this railway from Philadelphia to Chambersburg is 154 miles. 
The former, to Pottsville and Mount Carbon, is 108 miles, the 
section to Reading being 64. 

A great line of communication is established, 400 miles in 
length, between Philadelphia and Pittsburg, on the left bank of 
the Ohio, composed partly of railway and partly of canal. The 
section from Philadelphia to Columbia, 82 miles^ is railway. 
The line is then continued by canal, for 172 miles, to Holidays- 
burg. It IS then carried by railway 37 miles to Johnstown, 
from whence it is continued 104 miles further to Pittsburg by 
canal. 

The traffic on this mixed line of transport is conducted so as 
to avoid the expense and inconvenience of transhipment of goods 
and passengers at the successive points where the railway and 
canals unite. The merchandise is loaded, and the passengers 
accommodated in the boats adapted to the canals, at the d6pdt 
in Market-street, Philadelphia. These boats, which are of 
considerable magnitude and length, are divided into segments, 
by partitions made transversely and at right angles to their 
length, so that each boat can be, as it were, broken into three or 
more pieces. These several pieces are placed each on two 
railway trucks, which support it at its ends, a proper body being 
provided for the trucks adapted to the form of the bottom and 
keel of the boat. In this manner the boat is carried in pieces, 
with its load, along the railways. On arriving at the canal, the 
pieces are united so as to form a continuous boat, Which, being 
launched, the transport is continued on the water. 

On arriving again at the railway, the boat is once more re- 
solved into its segments, which, as before, are transferred to the 
railway trucks, and transported to the next canal station by loco- 
motive engines. 

Between the dep6t in Market-street and the locomotive sta- 
tion, which is situate in the suburbs of Philadelphia, the seg- 
ments of the boats are drawn by horses, on railways conducted 
through the streets. At the locomotive station the trucks are 
formed into a continuous train, and delivered over to the loco- 
motive engine. 
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As the body of the tracks rests upon a pivot, uoder which 
it is supported by the wheels, it is capable of revolving, and do 
difficulty is found in turning the shortest carves; and these 
enormous vehicles, with their contents of merchandise and pas- 
sengers are seen daily issuing from the gates of the d^pdt io 
Market-street, and turning without difficulty the corners at the 
entrance of each successive street. 

The southern line of railway communication is continued from 
Philadelphia to Baltimore, interrupted only by a steam ferry 
over the Susquehanna. 

The management of these steam ferries is deserving of notice. 
It is generally so arranged, that the time of crossing them cor- 
responds with a meal of the passengers. A platform is con- 
structed, level with the line of rails, and carried to the water^s 
edge. Upon this platform rails are laid, on which the wagona 
which bear the passengers' luggage, and other matters of light 
and rapid transport, are rolled directly upon the upper deck of 
the ferry-boat, the passengers meanwhile passing under a cov- 
ered way to the lower deck. 

The whole operation is accomplished in five minutes. While 
the boat is crossing the ispacious river, the passengers are aop- 
pliod with their breakfast, dinner, lunch, or supper, as the case 
may be. On arriving at the opposite bank, the upper deck 
comes into contact with a like platform, bearing a railway upon 
which the luggage wagons are rolled. The passengers ascbnd 
by a covered way, and, resuming their places in the railway 
carriages, the train proceeds. 

Baltimore is the next centre of railway movement. One line 
issues northward to Harrisburg in Pennsylvania, where it unites 
with the Philadelphia and Chambersburg line. A great line of 
western railway is projected to be carried from Baltimore to 
the left bai>k of the Ohio, to some point near Wheeling. This 
line, however, is as yet finished only so far as Cumberland, 153 
miles. This place is at the foot of the Alleghany range, which 
is crossed by the great national, an excellent Macadamized road- 
way, which continues the communication 126 miles further, to 
Wheeling, on the Ohio. The ascent is gradual, and constructed 
on good engineering principles* 

The railway, when completed, will cross this ascent by a 
series of inclined planes, all of which but one will be worked by 
locomotive engines. This will probably be worked by means of 
a stationary engine. Nothing, however, is done as yet tuward 
the realization of this part of the project. 
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Baltimore is connected with Washington, the seat of the fed- 
eral legislature, by an excellent line of railway, nearly forty 
miles in length.' From this point the great southern line of 
communication is continued by steam-boats on the Potomac to 
the left bank of that river near Fredericksburg, in Virginia, a 
distance of about fifty miles. Here the line of railway com- 
munication is resumed and continued through the State of Vir- 
ginia, passing through Richmond and Petersburg, being con- 
tinued southward to Halifax, on the frontiers of North Carolina. 

Another line of communication southward is formed by steam- 
boats on the Chesapeake, which ply between Baltimore and 
Norfolk, from which place a line of railway is carried to the 
frontiers of North Carolina, near Halifax, running into the great 
artery just mentioned, at Weldon. From Halifax the great 
southern railway is continued through North Carolina to Wil- 
mington, a seaport near the southern limits of that state. 

Thus is completed so far a continuous line of railway commu- 
nication running north and south through the Atlantic States, 
commencing at Portland in the State of Maine, passing success- 
ively through Boston, Providence, New York, Philadelphia, 
Baltimore, Washington, and Richmond, and terminating at Wil- 
mington, the total length of which is nearly 1000 miles. From 
Wilmington the communication with Charleston is maintained 
by steam-boats, which ply along the coast. 

Charleston in South Carolina, and Savannah in Georgia, are 
the points from which other great lines of railway communica- 
tion issue westward. That which proceeds from Charleston is 
carried across South Carolina to Augusta, on the Confines of 
Georgia, throwing off a branch northward to Columbia, the cap- 
ital of the state. 

The length of the main line to Augusta is 134 miles. 

From Augusta the line of railway is continued westward 
through Georgia, passing through Madison and Pecatur to the 
left bank of the Tennessee river, throwing off a branch to Athens, 
the seat of the university. 

From Savannah the line of railway passes through Georgia 
and Macon, and unites with the former line at Decatur. 

These lines of railway communication are continued westward 
to the left bank of the Alabama river, on which the transport is 
continued by steam-boats to Mobile, and thence to New Orleans, 
and by another line to the Tennessee, by which the navigation 
is continued through the Mississippi valley to the left bank of 
its great tributary, the Ohio. 
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When the expenditure invoWed in the coQBtraction and main- 
tenance of the railways of the United Kingdom is considered, 
the financier, the statistician, and the economist will natnraUy 
ask how, with a population so sparse and a territory bo vast, a 
system of communication so extensive, could be established and 
sustained ? If the great mass of the passenger lines in England 
have cost at the rate of forty thousand pounds per mile, and the 
profits gained even on the most successful among them do not 
exceed seven per cent., while the average profits ef all do not 
much exceed half that rate-r-how, it may be asked, can this stu- 
pendous system of American railways, with a traflSic compara- 
tively so insignificant, among a people where profits on capital 
are high and the rate of interest from six to ten per cent.« be 
made to answer. 

This difi&culty is expliuned, partly by the general nature of 
the country, partly by the mode of constmcting the railways, 
and partly by the manner of working them. 

With certain exceptions, few in number, the tracts of country 
over which these railways pass form nearly a dead level. Of 
earth-work, therefore, there is but little. Occasionally, low 
embankments and shallow cuttings are all the difilcnlties die en- 
gineer has to surmount. Of works of art, such as viaducta and 
tunnels, there are almost none. Where the lines have to be 
conducted over streams or rivers, bridges are coaitructed, in a 
rude but substantial and secure manner, of timber, which is sup- 
plied from forests at the road-side, subject to no other cost save 
that of hewing it. The station-houses, booking-offices, and other 
buildings are likewise slightly and cheaply constnicted of timber. 

Oar some of the best lines the timber bridges are constructed 
with stone piers and abutments supporting arches of truss- work. 
The cost of such bridges varies from 46«. per foot for 60 feet 
span to <£6 10s, per foot for 200 feet span, for a single line, the 
cost for a double line being 50 per cent. more. This includes 
the road work and rails, but not the masonry of the piers and 
abutments. 

A bridge of this kind is constructed on the Philadelphia and 
Reading Railway, the length of which is 1800 feet, and the coit 
of which was £8600. 

Where the railways strike the course of rivers of great 
breadth, such as the Hudson, the East River, the Delaware, 
the Susquehannah, or the Potomac, the transport is continued, 
as already explained, by steam ferries. 

But, besides the facilities afforded for the formation f£ nil- 
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ways by the flat aod level character of die couDtry, and the 
boundless supply of timber at a trifling coat, a further and much 
larger economy is effected, as compared with European linea^ 
by the method of construction. 

Formed to supply a very limited amount of traffic in propor- 
tion to their length, the American railways are, generally, single 
lines. Sidings are of course provided at convenient stations, in 
which one train waits until the train in the contrary direction 
has passed. Collision is impossible, for the first train which 
arrives must, by the rules of the road, move fnfeo the sidiogi 
This arrangement would be attended with iocoBvenience^ oa 
lines where a frequent passage of trains takes place ; but on Horn 
principal American lines, the fast trains seldom pass in each 
direction more than twice a day, and the time and place of their 
meetiDg is perfectly regulated. In fact, no inconvenience is felt 
or complained of from this cause in the practical working of the 
lines. In cases where the traffic is so considerable as to require 
thicm, double lines have been constructed. 

In the structure of the roads themselves, principles have been 
adopted which have been attended with great economy com- 
pared with European lines — the application of which wto ren- 
dered admissible by the lightness of the traffic and the moderate 
speed contemplated. In laying out these lines, the engineers 
did not, as in England, impose on themselves the difficult and 
expensive condition of excluding all curves bal those of a large 
radius. On the other hand, curves haying a radius of one thou- 
sand feet are usual ; and occasionally curves of five hundred feet, 
and even less, are allowed. Nor are the gradients restricted to 
the same low limits as with us. Acclivities rising at the rate of 
one foot in a hundred and thirty, are considered a moderate 
ascent; and there are not less than fifty lines in which the 
gradients are laid down at a rate varying from one in a hundred 
to one in seventy-five. Nevertheless, these lines are worked 
without difficulty by locomotives, without the expedient either 
of assistant or stationary engines. The consequences of this 
have been to diminish the cost of earth- work, bridges, and via- 
ducts, even in parts of the country where the character of the 
surface is least favorable. But the chief source of economy in 
the construction of these lines has arisen from the structure of the 
road surface. In many cases where there is a light traffic, the 
rails consist of flat bars of iron two and a half inches broad, and 
from five to seven tenths of an inch thick — nailed or spiked down 
to planks of timber laid longitudinally on the road in parallel 
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lines, at the proper width, so as to form what are called contin- 
uous bearings. Some of the most profitable lines, and those of 
which the maintenance has proved the least expensive, have 
been constructed in this manner. 

The structure of the road, however, varies in its character 
according to the traffic. Rails are sometimes laid down weigh- 
ing from twenty-five to thirty pounds per yard. In some cases 
of still greater traffic, the rails are laid on transverse sleepers 
of wood, in the same manner as on the European railways ; 
but, in consequence of the comparative cheapness of wood and 
high price of iron, the strength necessary for the road is ob- 
tained by reducing the distance between the sleepers, so as to 
supersede the necessity of giving greater weight to the rails. 

lu all cases where augmented traffic may be expected from 
the increase of population and commerce, the earth- work and 
structures on the lines are made so as to admit of a double line 
of rails, whenever they may be required. 

In the working of the railways, the same attentk>n to the 
economy rendered necessary by their limited traffic is observa- 
ble. The engines are strongly built, perfectly safe, and suffi- 
ciently powerful ; but they are destitute of much of that elegance 
of exterior, and luxurious beauty of workmanship, which are 
seen upon the British locomotives. The fuel used to work them 
is generally wood. On certain lines, however, in the neighbor- 
hood of coal-mines — such, for example as the Philadelphia and 
Pottsville Railway, which penetrates into the great coal-fields 
of Pennsylvania— coal is the fuel used. The use of coke is 
nowhere resorted to. Its expense would make it inadmiasible ; 
and in a country so thinly inhabited, the smoke proceeding from 
coal or wood is not objected to. 

The ordinary speed, stoppages included, ra fourteen or fifteen 
miles an hour. Independently of other considerations, the light 
structure of most of the railways would not allow of a greater 
velocity without considerable danger; on some of the better 
constructed lines, I have, however, freqently traveled at the 
rate of twenty-five miles an hour, when at full speed. This is 
not uncommon on some of the New England lines — on the rail- 
way from Baltimore to Washington, and some of the southern 
lines ; as, for example, that between Charleston and Augusta in 
Georgia, the Columbia line in South Carolina, and the line from 
Augusta to the University of Athens in Georgia. 

Notwithstanding the apparently feeble and unsubitantial 
structure of some of the lines, accidents to passenger tnuos are 
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scarcely ever heard of in America. With an experieDce of 
nearly twenty thousand miles of railway traveling in the United 
States, I have never encountered an accident of any kind, or 
heard of a fatal or injurious one. This security may be ex- 
plained by the moderate speed of the trains, and the absence of 
a highly active traffic. 

In some cases of lightly constructed roads, where the bars 
spiked down on the planks are not kept in good order, an acci- 
dent, called (from its analogy to a catastrophe common on Amer- 
ican rivers) snagging^ is said sometimes to have happened. In 
this case the iron bar, worn thin and unspiked, gets detached 
from the plank, and as the wheels pass upon it, springs up and 
pierces the bottom of the carriage, to the great danger of the 
passengers. I have, however, never met with a well authenti- 
cated case of this kind. 

The form and structure of the carriages is a source of consid- 
erable economy in the working of the lines. The passenger 
carriages are not distinguished, as in Europe, by different modes 
of providing for the ease and comfort of the traveler. There 
are no first, second, and third classes. All are first class, or 
rather all are of the same class. The carriage consists of a long 
body like that of a London omnibus, but much wider, and twice 
or thrice the length. The doors of exit and entrance are at 
each end ; a line of windows being placed at each side, similar 
exactly to those of an omnibus. Along the centre of this species 
of caravan is an alley or passage, just wide enough to allow one 
person to walk from end to end. On either side of this alley 
are seats for the passengers, extending crossways. Each seat 
accommodates two persons; four sitting in each row, two at 
each side of the alley. There are from 15 to 20 of these seats, 
so that the carriage accommodates from 60 to 80 passengers. 
In Cold weather, a small stove is placed near the centre of the 
carriage, the smoke-pipe of which passes out through the roof; 
and a good lamp is placed at each end for illumination during the 
night. The vehicle is perfectly lighted and warmed. The 
seats are cushioned ; and their backs, consisting of a simple pad- 
ded board, about six inches broad, are so supported that the pas- 
senger may at his pleasure turn them either way, so as to turn 
his face or his back to the engine. Fer the convenience of ladies 
who travel unaccompanied by gentlemen, or who otherwise de- 
sire to be apart, a small room, appropriately furnished, is some- 
times attached at the end of the carriage, admission to which is 
forbidden to gentlemen. 

P 
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It will occur at oace to the engineer, that vehicles of snch 
extraordinary length would require a railway absolutely straight; 
it would be impossible to move them through any portion of a 
line which has sensible curvature. Curves which would be 
altogether inadmissible on any European line are nevertheless 
admitted in the construction of American railways without diffi- 
culty or hesitation, and through these the vehicles just described 
move with the utmost facility. This is accomplished by a sim- 
ple and effectual arrangement. Each end of this oblong caravan 
is supported on a small four-wheeled railway truck, on which it 
rests on a pivot ; exactly similar to the expedient by which the 
fore-wheels of a carriage sustain the perch. These railway 
carriages have in fact two perches, one at each end ; but instead 
of resting on two wheels, each of them rests on four. The 
vehicle has therefore the facility of changing the direction of its 
motion at each end ; and in moving through a curve, one of the 
trucks will be in one part of the curve while the other is at 
another — the length of the body of the carriage forming the 
cord of the intermediate arc ! For the purposes they are de- 
signed to answer, these carriages present many advantages. 
The simplicity of the structure renders the expense of their 
construction incomparably less than that of any class of carriage 
on an European railway. But a still greater source of saving is 
apparent in their operation. The proportion of the dead weight 
to the profitable load is far less than in the first or second-class 
carriages, or even than the third-class on the English railways. 
It is quite true that these carriages do not oflTer to the wealdiy 
passenger all the luxurious accommodation which he finds in our 
best first-class carriages ; but they afford every necessary con- 
venience and comfort. 

In several of the principal Americq.n cities, the railways are 
continued to the very centre of the town, foUowing the windings 
of the streets, and turning without difficulty the sharpest cor- 
ners. The locomotive station is, however, always in the sub- 
urbs. Having arrived there, the engine is detached from the 
train, and horses are yoked to the carriages, by which they 
are drawn to the passenger d6p6t, usually established at some 
central situation. Four horses are attached to each of these 
oblong carriages. The sharp curves at the corners of the 
streets are turned, by causing the outer wheels of the trucks 
to run upon their flanges, so that they become (while passing 
round the curve) virtually larger wheels than the inner ones. 
I have seen, by this means, the longest railway carriages enter 



Cb*!-. XVI.] INLAND THAN8P0ET IN THE U. STATBa. 339 

the d^pfits it) Philadelphia, Baltimoi'e, and New York, with as 
much preciaioD and facility as was exhibited by the coaches that 
used tu BDter the gateway of the Goldeo Crosa or the Saracea'B 
Mead. 

The paucity of offioiat, or other authentic iuforniatioD respect- 
ing the American railways, renders it difficult to discover with 
precision either the co9t of coDstructing or working them col- 
lectively, or even the actual length of railway under traffic. M, 
Michel Chevalier ascertained from the most authentic sources, 
that on the let of January, 1643, the total length projected was 
9076 miles, of which 4335 miles were completed and under 

SiDce that date, a considerable extent of railvniys has been 
completed. The following table, allowing the lines completed ■ 
in June, 1849, the length to be completed, and the expense of 
construction, so far aa they could be ascertained, may be cod- 
eidered as presenting the most complete and authentic etate- 
ment of the actual condition of the railways of the United Slates 
which can be supplied : 
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From tbiB table it nppflara, that ths total length of the rail- 
wayB completed and under traffic in the United States ia the 
present year (1849) is 6565 miles. 

The cost of construction and plant of 2842 miles of these 
is known, and amounts in the aggregate to ^23,104,909, which 
is at Che average rate of d£Bl29 per mile. 

If we assume that the remainder of the railways noder 
trnllic, amounting to 3723 miles, have cost the same average 
sum per mile, then it will follow that the total cost of 
the railways completed, amounting to 6565 miles, has iieeu 
£653,366,885. 

It appears, therefore, oa this suppoeition, that aboTB 6500 
miles of railway have been constructed in the United States, at 
a cost of 53 millions, while 5000 miles of railway in the United 
Kingdom have cost 200 millions. 

I have not been able to obtain any reports from which 
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the moTement of the traffic od th« Am«ricBn nilwayv ool- 
lectirelj cao bs ascertained wi^i precision ; but I have ob- 
tained the neceBBaiy statistical data relating to nearly twelv* 
hundred milas of railway in the States of New England and 
in that of New York, from which I haTo bsen enabled to 
calculate all the circumstances attending the working of tliese 
lines. I have, accordingly, given these in the following 
t^le: 
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TYrtal lei«tb oftiM above railways in the State of New York 490 

„ t, n Statei of New England.* 67a 

Total.... 1100 

X. 

Average cost of construction and stock per mile in the State of New York. . . . 7,010 
„ „ „ States of New England 10,dOO 

General average. .. . O^^BOO 

Receipts. Ezpenaaa. Profits. 

Total average receipts, expenses, and profits per day in the 

State of New York 1654 684 970 

„ „ n States of New England 3040 1506 1535 

Totals. ... ISi ES Sm 



Per ICUe of Per Mile ran Par Cent pa 

Railway per day. by Trams. Aonam on C^>itaL 

Receipts...* 405 7 5 le-l 

Expenses 1-89 9 5i 7-5 




Profiti 216 2 Hi fr« 

Expense per cent, of receipts 1 

Average receipts per passenger booked 27*0 <{. 

Average distance traveled per passenger 18*2 miles 

Average receipts per passenger per mile 1*47 <(. 

Average number of passengers per train ' 54K> 

Total average receipts per passenger train per niiie 7«. 

Average receipts per ton of goods booked 5s. 8| d. 

Average distance carried per ton r... 38*0iilUe9 

Average TMWiplB per ton per n^e rSd. 

Average nmnber of tons per train 54*5 

Total average receipts per goods train per mile 8*9 «. 

The railways, of the traffic of which I have here gWen a 
Bynopsis, inclade the most active and profitable enterprises of 
this kind in the United States. We can not, therefore, infer 
from the results obtained, the corresponding movenient on the 
remaining lines. It will appear by the table given in page 403t 
of the entire system of American railways, that the dividendst 
exclusive of those contained in the preceding analysis, are in 
general small, and in nmny instances nothing. It is therefore 
probable that, in the aggregate, the average profits on the total 
amount of capital invested in the railways do not exceed, if they 
equal, the average profits obtained on the capital invested ia 
English railways. 

The extraordinary extent of railway, constmcted at so early^ 
a period, in the United States, has heed by some asoribad to 
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* * ■ 
absence of a sufficient extent of commanicatioii by eoqvMML 

roads. Although - this cause hai opemtef^h^.ttDBW extent m 
certain districts, it is by no meaiiiB so geneNl^lMkiMHi be^ safH 
posed. In the year 1838, the United Stated niaihi jsk^^tiid 
over a length of way amounting on the whole to 136,SM^||dle«, ^ • 
of which two thirds were land transport, inchiding rait^ftjfs M \j 
well as common roads. Of the latter^ftenre must have- been * 
about 80,000 miles in operation, of which, howeter, a eonsid^r- 
able portion was brijlle roads. The price of transport in the 
stage coaches was upon an average 3*25ii. per passenger per 
mile, the average price by railway beiiig^out V4^ctt^pei v^&e* ^ 

The great extent of internal coaDtnunication, by n^VfttyB-mad^ 
canals, in America, in proportion to its population, Ima beeii -m 
general subject of admiration. The popufotion of t]u» United 
StatiBs in 1840 amounted to 17 millioifS, and if its rate ot inereasB 
during the ten years commencing at that epoch be equal to die 
rate during the preceding ten years, its present population miut 
be about 23 millions. There are, as I have stated, about 6M0 
miles of railway in actual open^on within the. territory of tto 
Union. This, in round numbers, is at the rate of one mile of 
railroad for every 3200 inhabitants. 

In the United Kingdom, there are in operation 5000 mUefl of 
railway, with a population of 30 millions, which is at the rate of 
one mile for every 6000 inhabitants. 

It would therefore appear that, in proportion to the population, 
the length of railway communication in the United States is 
greater than in the United Kingdom in the prpfiffr^n of 6 to S^* 
The result of this calculation, however, requirilEi ' cimsiderabie < 
modiHcation. 

Of the entire extent of railway constructed in the United 
States, by far the greater portion, as has been already explaiiMMli^ 
consists of single lines^ constructed in a light and cheap muuuiyfc 
which in England would be regarded as meroly serving tempo* 
rary purposes; while, on the contrary, the entire extent of tho 
English system consists not only of double lines, Imt of railifii|it « 
constructed in the motet solid, permanent, and expensive mBimer« ^ 
adapted to the purposes of an immense traffic. ;* 

If a comparison were to be instituted' at all between the tuo 
systems, its basis ought to be tho eapittd expended and tb^ trvflo 
served by them; in which case the result would be suineffiltt 
different from that obtained by the mere consideratipn of Hvtf* 
length of the lines. ' 

It is not, howeveri the tame in reference tb tStie e&uOBt in ^ 
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which, it must be admitted, that America far excdeds, m pro- 
portion to her population, all other countries. 

There is no countiy where easy and rapid means of communi- 
cation are likely to produce more beneficial results than in the 
United States. Composed of twenty-six independent republics, 
having various, and in some instances opposite interests, the 
American confederacy would speedily be in danger of dissolu- 
tion, if its population, scattered over a territory so vast, were not 
united by communications sufficiently rapid to produce a practical 
diminution of distance. In this means of intercommunication 
Nature has greatly aided the efforts of art, for certainly no 
country in the world presents such magnificent lines of natural 
water communication. 

To say nothing ef the streams which intersect the Atlantic 
States, and carry an amount of inland steam navigation wholly 
unexampled in Europe, we have the gigantic stream of the 
Mississippi, intersecting the immense valley to which it gives its 
name, with innumerable tributaries, navigable by steam-boats 
having a tonnage of first-rate ships for many thousands of miles, 
and traversing territories which present immense tmcts of soil, 
of the highest degree of fertility, as well as sources of mineral 
wealth which are as yet unexplored. 

On the American railways, passengers are not differently 
classed, or admitted at different rates of fare, as on those in 
Europe. There is but one class of passengers and one fare. 
In one or two instances, second and third-class carriages were 
attempted to be established, but it was found that the number 
of passengers availing themselves of the lower fares and inferior 
accommodation was so small that they were discontinued. The 
only distinction observable among passengers on railways is that 
which arises from color. The colored population, whether 
emancipated or not, are generally excluded from the vehicles 
provided for the whites. Such travelers are but few ; and they 
are usually accommodated either in the luggage van or in the 
carriage in which the guard or conductor travels. 

Railways in America have been generally constructed, as in 
England, by joint-stock companies, with which, however, the 
state interferes much more largely than in England. In some 
cases, a major limit to the dividend is imposed by the law which 
constitutes the company. In some, the dividends are allowed 
to augment ; but when they exceed a certain limit, the surplus 
is divided with the state. In some, the privilege granted to the 
companies is limited to a certain period. In some, a right of 
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revising and restricting the tariff periodically is reserved to the 
state. 

But little merchandise is transported on the American railways, 
the cost of transport being greater than goods in general are capa- 
ble of paying ; nevertheless, a tariff, regulated by weight alone, 
ivithout distinction of classes, is fixed by law for merchandise. 

In the States of New England the legislature does not inter- 
fere with the rate of fare or the tariff of charges imposed by 
the companies ; but there is a provision in all the railway acts, 
that after ten years from the date of the opening of each railway, 
dividends are not to exceed ten per cent., and that if the profits 
should be such as to produce a greater dividend, the tariff must 
be reduced so as to bring the dividend to that limit. In some 
few cases of the New England railways, as, for instance, in the 
line from Boston to Providence, this period is only four years. 

In the State of Pennsylvania, the charters granted to the 
several railway companies differ very much in their conditions. 
In some, an average limit is named, which the fares and tonnage 
^re not to exceed; in others, an average maximum tariff is fixed. 
These maxima are different on different lines. 

Besides these major limits imposed on the fares, there is also, 
in certain cases, a major limit imposed on the dividends, which 
in some cases must not exceed twelve, and in others fifteen per 
cent. In some cases, the dividends above a certain amount are 
subject to a tax, payable to the state. 

With the exception of this tax upon dividends which exceed 
a certain amount, and which only prevails in the State of Penn- 
sylvania, no special tax is imposed on the American railways and 
canals. Sometimes, however, they are subject to the same taxes 
on their lands and buildings to which other proprietors are liable; 
in some cases they are exempted from them. 

In several of the largest states, such as New York, Pennsyl- 
vania, and Virginia, the acts constituting the railway companies 
contain a clause reserving an absolute power of modifying them 
from time to time as the legislature may see fit. In no case, 
however, has this clause been yet brought into practical opera- 
tion, and it is generally regarded as the mere theoretical ex- 
pression of the unlimited sovereignty of the state. 

In some of the states the grants to the railway companies are 
for an unlimited time. In the northern states, however, their 
period varies from 50 to 100 years. 

In some of the latter grants an exclusive privilege is given to 
the companies of making railways through certain districts. 
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Nothing can be more simple, expeditions, and cheap than the 
means of obtaining an act for the establishment of a railway 
company in America. A public meeting is held, at which the 
project is discussed and adopted. A deputation is appointed to 
apply to the legislature, which grants the act without expense, 
delay, or official difficulty. The {ninciple of competition is not 
brought into play, as in France ; nor is there any investigation as 
to the expediency of the project, with reference to fut]are profit 
or loss, as in England. No other guarantee or security is re- 
quired from the company than the payment by the shareholders 
of a certain amount constituting the first call. In some states, 
the nonpayment of a call is followed by the confiscation of the 
previous payments ; in others, a fine is imposed on the share- 
holder; in others the share is sold, and if the produce be less 
than the price at which it was delivered, the surplus can Ibe 
recovered from the shareholder by process of law. In all cases, 
the acts creating the companies fix a time within which the 
works must be completed under pain of forfeiture. The traffic 
in shares before the definitive constitution of the company is 
prohibited. 

Although the state itself has rarely undertaken the execution 
of railways, it holds out in most cases inducements in different 
forms to the enterprise of companies. In some cases, the state 
takes a great number of shares, which is generally accompanied 
by a loan made to the company, consisting in state stock delivered 
at par, which the company negotiate at its own risk. This loan 
is often converted into a subvention. 

In many cases the companies obtain the land gratuitously, or 
for a nominal price. 

When the price becomes a matter of consideration, the land 
is valued by a jury, as in England. 

Several states have made a condition that foreign capital shall 
be excluded under penalty of forfeiture or fine against the 
companies. 



CHAPTER XVII. 

BELGIAN RAILWAYS. 

The Belgian state railways, though in their total length not 
exceeding 350 miles, are an object of vai9t importance considered 
in relation to the entire system of railroads now spread over 
the continent of Europe. 

They are a subject of further interest to the statistician and 
the historian from the date and the circumstances of their 
construction. 

The small state of Belgium had but just established its inde- 
pendence and been acknowledged by the great powers of 
Europe, when the statesmen to whom its government was con- 
fided, seeing the isolation in which it stood, and the somewhat 
contemptuous regards cast upon it by the powers of the north 
and east, from whom its recognition had been reluctantly ex- 
torted, resolved to confer upon it, by an effort of enterprise and 
art, that influence which was denied to it by its insignificant 
territory, its small population, and limited commerce. 

The first administration under the newly appointed sovereign 
was scarcely installed, therefore, when it was determined to 
signalize its inauguration by a grand project, tending to estab- 
lish relations with other states, and calculated to produce such 
reciprocal dependence as would be a strong guarantee for the 
maintenance of general tranquillity and respect for the fnde- 
pendence of the new state. It was, in a word, resolved to 
overspread the territory with a system of railway communica-- 
tion, which should render this small kingdom the great highway 
for a large share of the commerce and personal intercourse 
between some of the chief countries of Europe. 

It was proposed to construct two great trunk railways form- 
ing a cross, the intersection of which should be at Malines. 
The length of the cross was to extend from Ostend to Liege, 
and to be continued through the Prussian territory by Aix-la- 
Chapelle to Cologoe. 

The transverse line was to be carried at right angles to this 
from north to south, extending from Antwerp through Brussels 
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by MoaB to the French territory near Yalenciennes, to which 
city it was to be continued. 

Thus it will be perceived, that Malines, and Hot Brnssels, 
was to be the great focus of these lines of communication. 
Several secondary lines or branches were to complete the 
network. 

The Eastern Line, extending from Malines to Cologne, by 
Louvain, Tirlemont, Landen, Waremme, Liege, and Verviers, 
near the Prussian frontier, was to have a branch to St. Trond. 

The Western Line, from Malines to Ostend, by Ter- 
monde, Ghent, and Bruges, was to have a branch from Ghent 
to Lille and Courtrai. 

The Northern Line, from Malines to Antwerp, was to 
have a lateral line from Antwerp to Ghent, to be contimifid 
to Lille, so as to afford a direct communication between'^hent, 
Ostend, Lille, and Antwerp, without the circuitous route af- 
forded by the trunk lines intersecting at Malines. 

The Southern Line, extending from Malines through 
Brussels to Mons, was to throw off a branch at Brain-le-Comte 
to Charleroi, to be carried from thence to -Namur. 

The total length of the entire system was to be 347 mUeis. 

This magnificent project was no sooner announced, than it 
was adopted by the legislature, and received with enthushsm 
by the people. 

The date of the law sanctioning it was the 1st May, 1834 ; 
and the statesmen to whom the country wa« indebted for it 
were MM. Lebeau and Rogier. 

Independently of those considerations which affected the re- 
lations of the new state with the other powers of Europe, the 
internal commerce of Belgium prompted such an enterprise. 

The revolution of 1830 having separated that country from 
Holland, it lost the mouth of the Scheldt as an issue for'^ 
commerce. The communication with the German states coufd 
not be maintained by sea, and was attended with expense by 
land on common roads, which rendered it impracticable. The 
coal-producing provinces of Liege, which before the revolution 
supplied the Dutch markets, were now isolated and unable to 
share the supply of the interior with the coal diatirldt of Mens. 
An effectual and cheap communication with the ocean on the 
one side, and with the frontier next to the Rhine on the other, 
so as to traverse the kingdom from east to west, would be neces- 
sary to restore the prosperity of Liege. It was first proposed 
to accomplish this l^ meaiur of a canal ; but MM. Lebeau aud 
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Kogier were sufficiently clearsighted to perceive, eTon at that 
early epoch, the important part which railways were destined 
to play in the commerce and politics of Europe, and how much 
more such a system would conduce to the national prosperity 
and political importance of their country. * 

- Jt was resolved to construct the system of railways thus pro- 
jected at the national expense, and to work them under national 
management. The execution of the project was commenced 
on the 1st June, 1834. Within two years, portions of the 
system were completed and opened for traffic. The length 
open in 1840 was 190 miles, and th^ entire system was com- 
pleted within the next four years at the follQwing rates : 

Length in Operation. 
Miles. 

In 1841 212 

1842 246 

1843 .300 

1844 347 

The stimulus which this system of communication impressed 
upon the commerce of Belgium may be inferred from ihn fol- 
lowing table, showing the progressive development of the liome 
and foreign trade of that country from 1836. to 1845 : 



Tabular Statement of the progressive Increase of the Commerce of. 
Belgium during Ten Years ending December 31, 1845. 


Year. 


Imports. 


Exports. 


Value of Goods 
entered. 


Value of Goods 
tklirered for 
Consumption. 


|Value of Belgian 

and foreign 

Goods. 


Value of Belgian 
Goods. 


1836 

1840 

1841 

1842 

1843 

1844 

1845 


8,356,000 
9,856,000 
11,088,000 
11,536,000 
11,784,000 
12.308,000 
12,640,000 


£. 
7,488,000 
8,224,000 
. 8,400,000 
9^68,000 
8,856,000 
8,152,000 
9,344,000 


£. 
6,620,000 
7,340,000 
8,464.000 
8,080/)0D' 
8,884,000 
11,344,000 
18,408,000 


5,792,000 
5,584,000 
6,164,000 
5,684.000 
6,248,000 
6,980,000 
7,312,000 



The value of the imports and exports at the port of Antwerp 
in 1839 was 665,600,000 ; in 1841 it had risen to 666,^46,000, 
and in 1843 it amounted to 669,080,000. 

The production of coal in Belgium wjEis doubled in the ten 
years ending 1845. ■" ' -k 

From 1831 to 1835, the average -j^tf]Eial '•xjport of cjist-iron 
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was 3887 tons. In the next ^ve years the average annual 
amount was 7478 tons. 

After 1840, when the railways were nearly completed, this 
branch of commerce was nearly quintupled ; its ajerage amount, 
in the six years ending December, 1845, being 35,000 tons. 

The same rapid progression is obsertable in the other 
branches of commerce. 

The average importation of raw cotton, previous to 1835, 
was 4400 tons. In the five years ending 31st December, 1846, 
its average annual amount was 7353 tons. 

Previous to 1835, the average annual itnport of wool was 
2973 tons. In the five years ending 31st December, 1846, ite 
annual average amount was 4066 tons. 

Let us now consider the expenditure by which the agent 
which was so mainly instrumental in thus extendidg Belgian 
commerce was created. 

The general character of the country was favorable to the 
construction of railways ; but much more stress has been laid 
on this circumstance, by those who desire to explain the early 
advance made in this Improvement by Belgium, than is due to 
it. It is true that those parts of the country between Brussels 
and the ocean are generally level, and that but little earth-work 
or works of art necessary to bestride valleys or penetrate hills 
were required ; but, on the other hand, the country was inter- 
sected by numerous rivers and canals, which necessitated the 
construction of as many bridges and aqueducts. 

The country, however, has a very different character be- 
tween Brussels and the Prussian frontier. The ground there 
presents obstacles requiring works of art of an expensive and 
difficult character. 

From Louvain to Ans, the line passes through an undulating 
country, and is carried by cuttings of an average depth of fifty 
feet, alternating with embankments of an average hei^t of 
sixty-six feet, up a gradual inclination to a summit nearly five 
hundred feet above the station at Louvain. In this section of 
the line there is a tunnel which measures upward of one thou- 
sand yards, besides numerous aqueducts, bridges, and viaducts, 
by which the canals and common roads are conducted over and 
under the railway. 

From Ans to Liege, the country falls along the side of the 
valley of the Mouse, by a steep declivity. Herei« 'in a length 
of 2300 feet, there is a fall of 360 feet. 

The descent is effected by two inclined planes, worked by 
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two stationary engines of 360 hor^e power. The a7erage 
gradient of these planes is one in 35. The prevailing gradient 
between Louvain and Liege is from one in 340 to ot^e in 250, 
with the exception of a few short gradients dobstrticted at one 
in 150. The curves upon this line hkve generally a large radius, 
with the exception of a few points where they are laid down 
with a radius of about a quarter of a mile. 

It is not found in the working of the line that thesei curves 
are dangerous, or produce any^ appreciable resistance to the 
tractive power. 

The Belgian railways are distinguished from those of En- 
gland and France by the circumstance of passing common roadd, 
wherever it is possible to do so, by level crossings. By thid 
expedient considerable expense in the original construction is 
saved in bridges and viaducts; and, notwithstanding the great 
traffic on the Belgian lines, no serious accidents hate, been pro- 
duced by it. It is to be considered, however, that, the speed 
of the trains being less than on the English railways, the liability 
to accident is proportionally diminished. 

The extraordinary expedition with which the Belgian rail- 
roads were completed, has been mainly caused by the circum- 
stance of their having been executed by the state, aiid the 
execution being conducted under the superintendence of t 
special railway committee, invested with adequate powers. By 
this expedient, innumerable official fornlalities were avoided. 
The two engineers, MM. Simons and Deridder, who had pro- 
posed the project, were invested with the general direction of 
the works ; full powers were given them to form contracts, pur- 
chase land, and make other definitive arrangements necessary for 
carrying on the works, without reference to higher official powers. 

On the 1st January, 1848, the amount which had been ex- 
pended on the construction of the Belgian railways, and the 
stock employed in working them, was c£6,406,476, of which the 
following were the details : 

Construction of the road 4,800,270 

Buildings and machinery for the inclined 

planes 59,544 

Buildings and appendages of the stations . . 402,949 

Dependencies of the stations 84,772 

Management and office expenses 205,773 

Rolling stock 853,168 

006,406,476 
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Bat of this smn, a part had been expended in land for the 
way and works, which wbb sabseqaently found to be in excess. 
A portion of this was accordingly resQld« which produced 
<£46,865. Deducting this from the above expenditure, the re- 
mainder will be <£6,359,611; i^diich is* therefore, the actual 
amount of capital invested in the constmction of the Belgian 
railways, consisting of 353 miles, including all the works and 
the rolling stock. 

The cost per mile, therefore, of this system, with ite working 
stock, has been o£18,016. 

The amount of the rolling stock, the total cost of which was, 
as appears by the above estimate, o£853,168, was, on the Ist 
January, 1848, as follows : 

Locomotive engines 153 

Tenders ^ 154 

Passenger coaches 751 

Goods wagons 2915 

Post-offices 14 

Wagons used in the service of the railway 394 

An increase of 192 goods wagons was ordered, which were 
delivered in 1848. 

In the following table I have exhibited the claasified receipts, 
the expenses, and profits, with the relation of them to etch 
other, on the Belgian railways, during the seyen years ending 
31st December, 1847: 



Tabular Analysis of the Receipts, Expenses, and Profits arisiiig fiom 
the Traffic carried on the Belgian Uailwayt daring tiie SevMiYein 
ending December 31, 1847. 


Number of mtles 
ODen 


1841. 


1842. 


1843. 


1844. 


1845. 


1846. 


18C7. 


210 


246 


SOO 


347 


347 


347 


3S 


PaBsenKere 

Paseengera' baggage 
Goods carried by 

passenger trains. 
Goods carried by 

goods trains 

Carriages, horses, 

cattle and sundries 

Total receipts.... 
Working expenses 

Profits 


JL 
164,550 
5,068 

13,600 

57,684 

8,328 


187,372 
11,916 

16,332 

70,676 

12,168 


219,388 
13,633 

34,808 

93,016 

11,904 


JL 

946,664 

15,788 

35,960 

132,990 

9,868 


355^ 
16^660 

40,364 

167,094 

16,148 


977,486 
10,384 

39,884 

188^784 

19,716 


JL 

178,716 

31,900 

43,006 

933;504 

18,098 


349,250 
181,586 


396,464 
188,012 


361,648 
319,064 


441,390 
230,616 


496,133 
353,864 


546,336 
289,830 


5B3.444 
372,756 


67,664 


110,452 


141,584 


210,604 


943,968 


256,406 


990,668 


Expenses per cent 
of receipts 


72 


63 


61 


53 


51 


83 


O 
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HaviDg explained, in the preceding chapters of this yolume, 
the manner in which the morement of the traffic of the carrying 
stock and the engines can be deduced from the respective quan- 
tities and mileages of these, when properly recorded, it will not 
be necessary here to go' through the details of the calculations 
by which these important statistical data are obtained. I shall, 
therefore, give the principal results, in the following table, with- 
out the arithmetical processes by which liiey are found : 



Synopsis of the Movement on the Belgian Railways, compnted from 
official Docnraents, doling the Four Years ending Dec. 31, 1847. 


LocoMonvK Power. 

Total average daily mileage of engines. 

With soods 


1844. 


1845. 


1846. 


1847. 


1,452 

2,778 


2,071 
2,571 


2,788 
2,765^ 


3,483 
3,001 


With passengers 

Total 

Total average hours of en^ne standing daily 
with steam up without running 

Total daily average consumption of coke. 

In lishtioff and steamin? 


4,230 


4,642 


5,553 


6,484 


489 


472 


559 


588 


ibt. 

37,540 

10,432 

125,687 


lbs. 
40,916 
10,421 
136,657 


Ibt. 

46,105 

12,337 

166,270 


lbs 

50,973 

14,539 

195,893 


In standing with steam tiD 


Tn workinsr trains »-.,.. t . t , - r . 


Total 

N'umber of en&rlnes emoloved 


173,659 


187,994 


224,712 


261,405 


143 
29-6 
63-0 

67-2 

7-7 

lbs. 
595 
165 
1,995 


148 
31-4 
67-4 

690 

7-4 

lbs. 
610 
155 

2,039 


151 
36-8 
75-0 

74-0 

7-5 

lbs. 
613 
165 
2,217 


154 
42-2 
84-0 

77-0 

7-0 

Ibt. 
607 
173 

2,332 


Averaee dailv mileaife oer enidne 


Average number of engines lighted daily 

Average number of miles run by each engine 

lighted 

Average hours standing daily with steam up 

without working per engine 

Average consumption of coke per engine 

lighted. 

In licrhtine and steamine 


In standins with steam ud 


In workins trains 


Total 


2,755 


2,804 


2,995 


a»112 


Average consumption per hour when standing 
with steam UD 


21-4 
29-7 
400 


20-9 
29-9 
41-6 


220 
30^ 
40-0 


24-7 
30-3 
371 


Average consumption per mile when drawing 
trains 


Average consumption per running mile, in- 
cluding standing and lighting 

Passenger Traffic. 

Total average daily number booked. 

Ist class 


904 
2,390 
5,425 


1,089 
2,660 
5,685 


1,138 
2,837 
6,032 


1,132 
2,486 
6,469 


2d class 


3d class 


Total 


8,719 


9,510 


10,007 


10,087 


Total average daily mileage. 

Ist class 


39,080 

68.274 

116,492 


37,236 
65,638 
96.937 


41,652 

73,446 

110,155 


42,.'>67 

67,939 

115,772 


2d class 


3d class 


Total 


223,846 


199,811 


235,253 


228,278 
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1S44. 
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IB40. 


mi. 




S4B 


am 
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Tow 


ff71 


aye 


758 


751 


Tottl ..mie reeriim pot pumjH bookwl. 


ii 


Is 


ll 


«J 
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17'S 
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1! 


fA 


ss-0 


|! 






Tsui BTenge reulpli per pawrnEsr per mUe. 


S5-S 


siw 


aj-s 


as^ 


1-49 

0-95 


ji 


CHM 


(WO 

0'98 






^ 


0-79 


0-84 
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Goods Trafhc. 

Total average daily number of tons booked . . 

Total average daily mileage of goods 

Average number of miles carried per ton .... 
Average number of tons drawn by each engine 
Average receipts per mile run of goods trains 
Total average daily mileage of giM>ds wagons 

Total number of wagons used ....>.../ 

Average daily mileage of each wagon 

Average number of goods wagons drawn by 

each engine 

Average number of tons carried per wagon . . 

Total daily average receipts for goods 

Average receipts per ton booked 

Average receipts per ton per mile 



1844. 


1845. 


1846. 


1847. 


1,264 


1,771 


2,016 


$2,634 


56,756 


83,420 


94,000 


115,817 


44-8 


470 


47-0 


43-8 


380 


400 


33-7 


33-2 


5-17*. 


4-41«. 


3-3&r. 


3-65«. 


23,102 


38,728 


54,087 


70,008 


1,783 


2,073 


2,400 


2,707 


13-4 


18-7 


22-5 


25-9 


15-74 


18-7 


19-4 


20-1 


•2.46 


215 


1-74 


1-66 


3751. 


456/. 


517/. 


639/. 


5s. 10(2. 


5s. 2d. 


5s. Ihd. 


5^.2^. 


l-57d. 


l-32rf. 


l-32(/. 


izu. 



From the important results brought together in the preceding 
table, we collect the following sumraary conclusions, in round 
numbers. 

1st. On the Belgian railways each locomotive is worked every 
other day, runs 75 miles, is kept 9tanding with steam up for 7 
hours, and consumes a ton and a half of coke. 

2d. Each passenger engine draws 80 passengers, with bag- 
gage, parcels, mails, &:c. ; the receipts amounting to 5^. per mile, 
exclusive of a small amount due to baggage, 6cc. ; the train con- 
sisting of from eight to ten vehicles. Each first-clas^ passenger 
travels on an average 37 miles, each second-class passenger 26 
miles, and each third-class passenger 18 miles. The receipts 
proceeding from each first-class passenger are 35., from each 
second-class passenger 2s. 2d; and from each third-class pas- 
senger, Is. 6d. 

3d. Each passenger coach runs about 28 miles a day, and 
carries about 11 passengers. 

4th. Each goodd engine draws on an average 20 goods wagons, 
drawing 34 tons of goods. Each ton of goods is transported on 
an average 44 miles, and the receipts for each mile run by*the 
goods engines are 55. 2d. 



To compare the quantity of traffic with th« extent of the 
railway, it will be necessary to suppose it uniformly carried 
over the whole length of the lines, and to calculate the quantity 
which would, in that case, pass oyer every mile. The results 
are exhibited in the following table : 
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Table ihowiDg the average Amount of Traffic carried daily over eadi 
Mile of the Belgian Railways daring the Four Yearn ending December 
31, 1847. 


PftflRAnvAm. latnlaan 


1844. 


1845. 


1846. 


1847. 


113 
196 
336 


107 
189 
279 


120 
812 
317 


120 
U3 




3d dasB... .....-«->'•, 




Total 


645 


575 


649 


641 


PaBsonirer onGrines. ............... 


8-00 
48-4 
163-6 

4-18 
66-5 


7-40 
59-3 
240-5 

5-96 
111-4 


7-95 
51-7 
271-0 

8-3 
1560 


8-50 
59-5 
328-0 

8-5 
198-0 


PaBHensrer carriages .......-..^....- 


Tons 01 eoods .................... 


Number of erooda eneinea... ...--.. 


Nnmbnr of coods waetms . .'. . m - - 





This would, therefore, be the movement of the traffic on the 
Belgian railways, if it were uniformly carried over the whole 
extent of the lines, and throughout all seasons of tihe jear. A 
great variation, however, takes place, both locally and according 
to the change of season. 

The official reports published by the Belgian government 
supply the means of ascertaining both these variations. In the 
annexed diagram I have exhibited the local variation of the 
goods and passenger traffic on every section of the Belgian rail- 
ways. The variations of the passenger traffic are marked by 
the continuous lines ; those of the goods traffic by the dotted 
lines ; the heights in each case representing the quantity of the 
traffic which passes over each section of the line. 

It will be observed that each sort of traffic is subject to very great 
local variation ; the passenger traffic rather more so than the goods. 

The section between Brussels and Malines is obviously ex- 
ceptional, having a much larger proportion of passenger traffic 
than any other section of the line. This is easily explained by 
the configuration of the Belgian railways. Malines forms the 
intersection or focus of the four great trunk lines, and the great 
predominance of traffic exhibited in the diagram arises from that 
portion of the traffic which proceeds from Brussels to feed all 
these, and which returns to Brussels from them. 

The same exceptional character appears in the goods traffic 
between Antwerp and Malines, which is explained in the same 
manner. The merchandise arriving at or departing from Ant- 
werp necessarily travels over the section of the line between 
Antwerp and Malines, either departing from or arrifing at tlie 
common focus of the trunk lines at MaUnes. 
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Another exceptional cbaracter io the gooda traffic ia e^ihibited 
between Cborleroi sod BraiD-le-Comte, which ie to be attribu- 
ted to the cob) trada of the former dUtrict. 

The variatioa of the daily traffic with the change of hbbboiib 
is exhibited in the same manner in the annexed diagram, in 
which, as before, the continuouB lines repreaent the pasaeagar 
traffic, and the dotted lines the goods traffic. It will be obserred 
that the latter is much more uniform and iodapendent of tbe 
seasons than tbe farmer. 



10 






10 



August and September form the great traveling, aeason for 
paseeogers; tbe quantity of traffic of this kind being in these 
moDthB more than double its amount in the ibnr months com- 
mencing in November and ending in February. 

The proportioa in which each of tbe three clsssea of paasea- 
gers anpplies traffic to the railways, is exhibited in the following 
table (see page 361) for the four years ending 3Ist December, 
1S47. 

But the preceding details, important as they are, do not form 
all the Talnabte information which can be deduced from the 
reports of the railway department of the Belgian goTernmeat. 

In order to ascertain the proportion in which the bosineas of 
the railway is supplied by traffic cJassified according to the dis- 
tances it is transported, tables have been published showing the 
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Table showing the Number of eadi Class of Passpngers in every 100 
booked, the Share of each Class in evBry 100 Miles traveled, and the 
Share contributed by each Class to every £100 Receipts on the Bel- 
gian Railways during the Four Years ending December 31, 1847. 


Number of passengers of each 
class in every 100 booked . ' 

/ 

Share of each class in every 
100 miles traveled 

Average amount contributed 
by each passenger to every - 
JtlOO of receipts 


Year. 


1st class. 


Sddfpa* 


3d class. 


Totals. 


1844 
1845 
1846 
1847 


10-75 
11-50 
11-36 
11-22 


27-6« 
28-20 
28-36 
2464 


61-59 
68-30 
60-28 
64-14 


100 
l6o 
100 
100 


1844 
1845 
1846 
1847 


17-40 
18-60 
17-27 
18-80 


30-50 
32-86 
32-60 
30-10 


5210 
48-54 
48-90 
51-10 


100 
100 
100 
100 


1844 
1845 
1846 
1847 


26 36 

27 37 

28 - 36 
28 34 


38 
36 
36 
38 


100 
100 
100 
100 



quantity of each class of objects of traffic booked which have 
been carried to distances within certain assigned limits. 

These voluminous tables have supplied rae with the means of 
computing the number of units booked which were carried over 
distances under 20 miles, between 20 and 40 miles, 40 and 60 
miles, and so on. I have also given, in the following table, the 
quantity of locomotion which each class of such objects demaudedr 



Tabular Analysis of the Traffic on the Belgian Railways, classified 
according to the Distances over which the Objects' of Transport were 
severally carried, showing the Proportion of 1000 Objects booked of 
each Class which was carried over each^ specified Distance, and also 
showing the Proportion per 1000 of the Mileage of each Class assign- 
able to each specified Distance. 


Passengers : 

Ist class. 

Number 
Mileage 

2d class. 

Number 
Mileage 

3d class. 

Number 
Mileage 

Total. 

Number 
Mileage 


Under 
20 

Miles. 


From 

20 to 

40. 


From 

40 to 

60. 


From 
60 to 
. 80. 


Prom 

80 to 

100. 


Above 
100. 


Total. 


253 
79 


349 
253 


174 
204 


130 
231 


77 
174 


17 
59 


1000 
1000 


411 
167 


345 
328 


128 
198 


75 
175 


34 

100 


7 
32 


1000 
1000 


510 
237 


303 
329 


100 

176 


63 

171 


20-2 
68 


3-8 
19 


1000 
1000 


392 


332 
303 


134 
193 


89 
199 


44 

114 


9 
57 


1000 
1000 



Q 
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Under 
fiO 

Miles. 

257 
69 


FroB 
20 to 

40. 


From 

40 to 

60. 


FroBi 

60 to 

80. 


From 

80 to 

100. 


Above 
100. 


Total. 


Baggage— Tons. 

Number 
Mileage 


315 
207 


125 
135 


158 
256 


113 
334 


32 

99 


1000 
1000 


Parcels— Tous. 

Number 
Mileage 

Cai-riagM. 

Number 
Mileage 

Horses. 

Number 
Mileage 

! Goods— Tons. 

Number 
Mileage 

Cattle (large)— Head. 
Number 
Mileage 

Cattle (small)— Head. 
Number 
Mileage 


247 
72 


304 

201 


170 
182 


154 
249 


84 

174 


41 
123 


1000 
1000 


71 
15 


268 
135 


190 
156 


175 
207 


206 
310 


84 
187 


1000 
1000 


24 
5 


133 
55 


144 
101 


534 
593 


122 
167 


43 
79 


1000 
1000 


343 

106 


289 
206 


108 
138 


135 
243 


113 
366 


11 
39 


1000 
1000 


253 

77 


301 
203 


135 
160 


303 
543 


8 
18 






1000 
1000 


137 
45 


316 
220 


388 
456 


156 
865 


3 

7 


3 

7 


1000 
1000 



This table supplies some curious aod important inferencef, 
which are probably applicable more or lest to all railway trafl^ ; 
but we have no means of testing this, owing to tile insufficiency 
of the official reports of other railways. 

It appears that 40 per cent, of all the passengers booked are 
for distRDces nnder 20 miles, and that 73 per cent, are for d»- 
tnnces under 40 miles. 

Those who are booked for distances nnder 20 miles employ 
16 per cent, of the mileage, and those who are booked for dis- 
tances under 40 miles employ 46 per cent, of all the mileage. 

It further appears that only 5 per cent, of all the passengers 
booked travel distances above 80 miles, and that theiy togeUier 
supply only 17 per cent, of the mileage. 

With respect to goods, conclusions very nearly similar follow. 
31 per cent, of the goods booked are carried distances under 20 
Tiiiles, while 63 per cent, are carried distances under 40 miles. 
Those which are carried distances under 20 miles employ, how- 
ever, less than 11 per cent, of the mileage^ while tfaMa-carried 
distances under 40 miles employ only 31 per cant. It further 
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follows, that oDly 12 per cent, of air the goods booked ere car- 
ried distances above 80 miles, but that this qoaotit^ emploj« 30 
per ceot. of the mileage of the railways. 

The class of objects which are carried the greatest distances, 
and which employ the greatest amount of mileage, are horses. 
Of these 50 per cent, are carried distaiices from 60 to 80 miles,* 
and employ 60 per cent, of the tnileage. 

The larger class of Cattle are also carried to considerable 
distances, 30 per cent, being carried to distances from 60 to 80 
miles, employing 54 percent, of the mileage. 

The proportions in which the different classes of traffic con- 
tributed to the revenue of the Belgian railways is exhibited in 
the Allowing table : ^ 



Table showing the Share of every XlOO of gross Rsvenne contributed 
by each Class of 'Traffic on the Belgian Railways, daring the Pour 
Years ending December 31, 184T. 


Passengers 

Baggage 

Money parcek 

Carriages 

Horses 

Parcels 

Groods 

Sundries 

Total-. - 


1844. 


1845. 


1846. 


1847. 


55 
3-5 


51*5 
3-4 


510 
3-5 


470 
3-5 


58-5 
0-3 
1-8 
1-1 
8-0 
29-6 
0-7 


54-9 
0-3 
1-6 
0-7 
8-1 
33-7 
0-7 


54-5 
0-3 
1-5 

7-3 

34-6 

1-1 


50-5 
0-3 
i-2 
0-7 
7-1 ^. 
39-2 
1-0 


41-5 
100-0 


451 
100*0 


45-5 
100-0 


49-5 
100-0 



In the following table I have exhibited the proportion of every 
£6100 expended, which has been chargeable^ to ibe usual heads 
of direction, way and works, locomotive power, carrying ex- 
penses, and sundries : . ' ^ 



Analysis of the Proportion in which the w.orkiikg Exposs^ of the Bel- 
gian Railways were distributed, under the speoined Heads, in the 
Four Years ending 1847. 



Year 1844 
1845 
1846 
1847 



I) 



Mean 



Direction 
and 

Manage- 
ment. 



6-3 
6-5 
5-4 
3-7 



5-47 



Mainte- 

nano« of 

Way and 

Works. 



Locomotive 
Fewer. 



24-3 
25-7 
25-1 

ait 



26 



^ 



49-3 
48-7 
51-7 
60-1 



49-96 



Carrying 



16-6 
15-ir 
14-6 
12-3 



14-80 



Colleetlon 
* and 
Sundries. 



8-5 
3-4 
3-2 
8-5 



-ir^ 



tiS 



Total. 



100 
100 
100 
100- 



ipo 
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Finally, I have compared in the following table the receipts, 
expenses^ and profits with the length of the lines, the movement 
upon them, and the capital invested in them : 



Synopsis of the Proportion between the Receipts, Expenses, and Profits, 
and the Length of Line worked, the Movement of the Train*, and the 
Amoant of Capital on the Belgian Railways daring the Seven Years 
ending Decemoer 31, 1847. 


Year 1841. 

Receipts.... 
Expenses... 

Profits 

Year 1842. 

Receipts..,. 
Expenses... 

Profits 

Year 1843. 

Receipts 

Expenses... 

Profits 

Year 1844. 

Receipts.... 
Expenses... 

Profits 

Year 1845. 

. Receipts 

Expenses... 

Profits 

Year 1846. 

Receipts.... 
Expenses... 

Profits 

Year 1847. 

Receipts 

Expenses... 

Profits 


Total average 
daily Amount. 


Amount per 

Mile of 

Railway. 


Amount per 

Mile run by 

Trains. 


Amoant per 
Gent, of 
Capital. 


£. 
683 

498 


£. 
3-25 
2-37 


s. d, 
5 4 
3 11 


6-56 

4-78 


185 


0-88 


1 5 


1-78 


820 
516 


3-33 
2-10 


6 
3 9^ 


6-79 
4-24 


304 


1-23 


2 2^ 


2-48 


994 
602 


3-31 
2-00 


6 3 

3 10 


6-68 
4-05 


392 


1-31 


2 5 


9-63 


1234 
634 


3-50 
1-80 


5 9^ 
3 


7-80 
3-71 


600 


1-70 


2 9| 


3-49 


1363 
694 


3-90 
2-00 


5 11 
3 


' 7-95 
4-05 


669 


1-90 


'2 11 


3-90 


* 1500 
796 


4-30 
2-30 


5 5 

a 11 


8-75 
4-65 


704 


200 


3 6 


4-10 


1630 
1022 


4-6 
2-9 


5 
3 IJ 


9-3S 
5-85 


612 


1-7 


1 10^ 


3-47 



It appears from this table, therefore, that the gross receipts 
have never exceeded 8 per cent, on the oapita]» and the net 
profits haye never exceeded 4 per cent. 
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To exhibit the average speed on the Belgian railways, I have 
calculated in the following table, from the published time-tables, 
the rate of progress on several of the principal lines ; showing, 
as in former chapters, the average speed when in actual motion, 
and the reduction of this produced by the stoppages. It appears 
that the average speed in actual motion, one line taken with 
another, is 25 miles, and that the average speed including stop- 
pages is 18 miles. 

We have seen in Chap. X., that on the English railways the 
average speed in motion is 32 miles, and the average speed 
including stoppages, 241^ miles. 



Tabular Analysis of the Movement of the Passenger Traffic on the prin- 
cipal Belgian Lines of Railway, showings the average Speed, Stcm^ages, 
d:c., of each Class of Trains. — N.B. An average Loss of Five Minates 
is allowed for each Stoppage, except in particular Cases where a greater 
Delay is fixed by the Programme. This is intended to inclnde the Time 
lost in coming to Rest and getting up Speed. 



Name of Railway. 



Brussels to Valencien- 
nes 



Brussels to Cologne. 
Brussels to Verviers. . 

Brussels to Nnmur. . , 



Brussels to Antwerp. 









Train. 


Distances 
traveled. 


Time. 


iro.or 

stop- 
pages. 


Average 

Speed lb- 

eluding 

iStoppages. 




Mitet. 


A. m. 




MUet. 


1st class 


57-75 


235 


7 


22-45 


3d class 


57-75 


2 50 


9 


20-40 


3d class 


57-75 


350 


13 


1512 


• • • • 


149 


9 15 


22 


1610 


1st class 


86-50 


4 30 


9 


19-20 


2d class 


86-50 


50 


19 


17-30 


1st class 


67-50 


3 45 


16 


18-00 


2d class 


67-50 


3 50 


11 


17-65 


3d class 


67-50 


3 55 


19 


17-30 
S3-55 


1st class 


27-33 


1 10 


3 


2d class 


27-33 


1 15 


3 


21-85 


3d class 


27-33 


1 15 


5 


21-85 


779-74 


43 10 


136 


18-10 



ATerage 

Speed in 

Motion 

excluding 

Stoppage*. 



MUt*. 

27-90 
27-80 
2100 
22 00 
24-20 
25-40 
22-90 
22-50 
2900 
3000 
27-33 
33-00 



24-90 



In the present chapter our observations have been limited to 
the system, of Belgian railways constructed and worked* by. the 
State. There are, however, besides these, a few lines in pro- 
gress of construction in Belgium by private companies. 

A grant for ninety years has been made to a company under 
the title of the "Great Luxembourg Railway Company," for 
the construction of a line of railway joining the State railway 
near Charleroi and Naraur, to be carried across the extensive 
province of Luxembourg by Dinant, Neufchatea|i, and Arbon, 
and to be extended to Thionville and Mets, whdVe it will join 
the Paris and Strasbourg Railway. The entire length of this 
system, when completed, will be about 140 miles. 
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The canal and mineral property of the Luxeroboutg Society 
has been purchased by this company for (€260,000. The canal 
WB^ intended to connect the Moselle with the Mease, passing 
through a district rich in minerals, and covered with e^tensiTo 
forests. 

With the exception of the earth-work on about ten miles of 
the line from Brussels to Wavre, no progress has yet been made 
in the realization of this project. 

A grant for ninety years has been made to another company 
for a line of railway between Narour and Liege, following the 
valley of the Mouse, with a branch from Mens to Manage. The 
length of the main line will be about forty-four miles, and that 
of the branch twenty -two miles. 

This railway is in progress of construction, and the branch 
between Mons and Manage is e^^pected soon to be opened for 
traffic. 

The Sambre and Mouse Railway Company have a grant for 
ninety years for a line joining the Sambre with the Mouse at 
Vereux. The entire length of the line, with three short 
branches, will be about seventy miles, of which twenty-five 
miles have been completed, and were lately opened for traffic. 

The Tournai and Joubise, and Landen and Hasselt Company, 
have a grant for ninety years. The length of the two lines 
together is forty-six miles. They are completed and opened 
for traffic. 

The West Flanders Company have a grant for ninety years 
for a system of railways in that province. One line will pass 
from Bruges to Courtrai, Ypres, and Poperinghe, passing by 
Thourout, Rowlers, and Menin, and forming at Courtrai a 
junction with the State line from Ghent to Lille and Tournai. 
The second line will run from Furnes through the centre of 
West Flanders to Thiols, where it will join the State line from 
Antwerp to Brussels. 

Of these lines thirty-three miles are opened for traffic, the 
remaining sixty miles not being yet commenced. 

Thus the entire system of Belgian railways in operation ia as 
follows : 

HUes. 
State lines 353 

Sambre and Meuse 25 

Tournai and Joubise, jEind Landen and Hasselt .... 46 
West Flanders 33 

Total ..:.... 457 
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I have Dot been able to obtain any authentic informatioo as 
to the cost of the rine& constructed by companies; but if their 
average cost be assumed to be equal to that af'the State lin^s, 
which, as we have seen, is d£18,016 per mile, the total capital 
absorbed by the Belgian railways must be c£8,233,312. 



CHAPTER XVIIL 

FRENCH RAILWAYS. 



Before the memorable epoch when the experiment of the 
Manchester and Liverpool Railway rendered manifest the vast 
capabilities of iron roads worked by dteam power as meaps of 
general transport, no communication of that description existed 
in France, except a few lines appropriated exclusively to the 
mineral districts of St. Etienne and the Rive-de-Gier, near the 
banks of the Loire. These lines were analogous to the rail- 
ways which existed from an early date in the north of England ; 
their extent was inconsiderable, and they werer for the most 
part single lines, worked generally by horses, but in some cases 
by locomotive engines of the rudest kind, such as those formerly 
used on our mineral lines. 

When the wonderful effects developed between Manchester 
and Liverpool became known, and when the execution of more 
extensive lines of railway for the expeditious transport of pas- 
sengers and merchandise had been undertaken in England, the 
attention of all parts of Europe was awakened to this improve- 
ment ; but a general incredulity prevailed as to its practicability, 
except in localities where traffic and intercourse existed on a 
very large scale. France, sharing this skepticism, remained 
passive, while the neighboring small state of Belgfum was over- 
spreading her territory with that admirable network of commu- 
nication we have described in the preceding chapter. 

At length, in 1835, five years after the opening of the Liver- 
pool and Manchester Railway, and when other great lines were 
known to be in active progress in England, a spirited and enter- 
prising person, whose name must always remain connected witli 
the history of French railways, M. Emile Pereire, deeply im- 
pressed with the advantages which must arise from this improve- 
ment in transport, and desiring to bring its effects,^ hitherto 
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known only by hearsay, under the very eye* of the French 
legislature and of the population of Paris, succeeded io forming 
II company for tlie construction of a passenger line between 
Paris and St. Germain. An act authorizing this was obtained 
in July, 1835. The works were commenced and prosecuted 
with activity, and it was finally opened for traffic at the end of 
1837. 

This event, combined with the rapid progress of railways in 
England, forced the French legislature to direct a portion of its 
attention, hitherto- distracted by political dissensions and the con- 
vulsions which followed the revolution of 1830, to this national 
improvement. 

In the session of 1837, a commission was authorized to prepare 
a project of law on the subject of national railways, which was 
to be submitted to the Chambers in the foUowidg session ; and 
it was generally understood and agreed that the construction 
of railways was urgent, and that the most important linetf 
should bo executed and possessed by the State, but that the 
branches and secondary lines might be conceded to private com- 
panies. 

The report of the commission presented to the Chamber on 
the opening of the following session of 1838, was in accordance 
with these resolutions ; but, in the mean while, the majority had 
changed its opinion, and was now opposed to the principle of 
the State assuming the direction and management ' of these 
enterprises. The government, nevertheless, still adhered to the 
original project, and was supported by the parties which then 
usually constituted the opposition, and was known as the Left 
and Extreme Left of the Chamber. The parties of the Centre 
and the Left Centre, distrustful and jealous of the influence 
with which the possession of vast patronage must invest the 
government, opposed the project. 

This section of the Chamber was seconded in its opposition 
by a large and influential party representing the financial and 
commercial interests, which looked forward to reaping consider- 
able profits from the operations of the Bourse resultiDg from the 
traffic in shares, if the railways were executed, as in England, 
by joint-stock companies. The combinatioa of these * parties 
prevailed, and the project of government was rejected. 

During the next four years, little or no progress was made; 
parties continued to be distracted, and the question of the East 
especially engrossed the attention of statesmen. 

In this interval, however, private companies came forward 
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and proposed to construct railways by their owo resoarces, 
iodepeodent of the government^ between Paris and Orleans and 
Paris and Rouen. 

In 1838 a grant was made to a company of a lease of seventy 
years, on the condition of providing a capita of forty millions for 
the construction of a line of railway from Paris to Orleans, with 
branches to Corbeil, Pithiviers, and Arpajon. The company, 
however, had no sooner commenced their operations, than they 
found themselves involved in financial embarrassments, and 
were compelled later to obtain the authorization ef the fegislature 
to abandon their branches, except that to Corbeil. In fine, the 
government assisted them by guaranteeing an interest of four 
per cent, on their capital for forty-seven years, and extending 
their lease to ninety-nine years. Thus aided, the enterprise 
was prosecuted, and the railway finally completed. . 

Two companies proposed the construction of lines from Paris 
to Rouen : one by the right bank of the Seine, and the other by 
the plateau above it. A grant was first made to the latter in 
1838 ; but the financial crisis which ensued rendered the project 
abortive. At length, in 1840, the project of a line by the right 
bank of the Seine was resumed, and a grant was made to the 
present Paris and Rouen Railway Company, with a lease^ of 
ninety-nine years, the result being the present railway, which, 
having been commenced in 1841, was opened for traffic on the 
9th May, 1843. 

In 1842, M. Teste, then Minister of Public Works, presented 
a project to the Chambers for the execution of a system of rail- 
ways in which the government should co-operate with private 
companies. This project, with some modification, was filially 
adopted, and the law known as that of the «« 11th of June, 1842," 
was passed. 

This law proposed a certain system of trunk lines to be 
executed by companies on conditions to be imposed by the State. 
These conditions were as follow: ', 

1st. The government was to purchase the lands, buildings, 
and other property necessary for the construction of the lines ; 
two-thirds of the expense to be paid by the departments and 
communes through which the railways would pass, and the 
remaining one-third by the State. 

2dly. Leases of the railways were to be granted for limited 
periods to companies, who were to be required to provide the 
capital necessary to defray the expenses of the way and ^n^rks, 
the rolling-stock, and all the material noceBMrj for the woriung 
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of the lines. At the expiration of their leases, provided they 
were not renewed, a valuation was to be made of this property, 
and the amount of such valuation to be paid to the companies by 
the State. 

The police of the roads, the limitation of the tariff, and a 
general power of supervision and control, were reserved to the 
government, which was to appoint agents to represent it, and to 
form part of the administration of each railway, the salary of 
such functionaries to be paid by the companies. 

The system of railways, the construction of which was con- 
templated by this law, was to consist of seven principal arteries 
— the first directed upon the Belgian frontier; the second upon 
one or more ports of the channel ; the third upon the oicean, by 
one or more of the western ports; the fourth upoti the Spanish 
frontier, by Bayonne ; the fifth upon the Spanish frbntier, by 
Perpignan, passing through the centre of France ; the sixth upon 
the Mediterranean, by Marseilles; and the seventh upon the 
Khine, by Nancy and Strasbourg. 

Besides these, two trunk lines were contemplated, diverging 
from Maraeilles ; one connecting that port with Bordeaux by 
Toulouse, and the other connecting it with the Rhine at Mai- 
hausen, by Dijon and Lyons. 

This law had not long been promnlgated, before it became 
manifest that capital would not flow so freely and abundantly to 
the French railways as the legislature appeared to expect; and 
that even with conditions modified in favor of those Who shonld 
undertake the execution and working of the lines tha» projected, 
no small difficulty was likely to stand in the way of the accom- 
plishment of the object which the government and the legislature 
contemplated. The departments and the communes, already 
oppressed under a heavy burden of taxation, had neither the 
ability nor the will to co-operate in the enterprise, hy the con- 
tribution of two-thirds, or even a much smaller part of the cost 
of the land. In short, it became evident that the law was im- 
practicable; and, although not subsequently repealed, 'it became 
eventually, in a great degree, a dead letter. 

Although the general outline of the system of trunk lines 
described in the law of 1842 has been in the. main adhered to, 
the government has been forced to lay aside other conditions of 
the law, and to make the best terms it could with such companies 
as presented themselves, to induce them to undertake and work 
the railways ; and even, in some cases, it has been found im- 
practicable to accomplish this through the medium of private 
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companies, and the government has been obliged to construct 
the lines provisionally^ trusting to the probability of finding a 
company w41ling to work them when completed. 

The first great artery of the system is that now known as the 
Northern Railway. This line, issuing from the northern sub- 
urbs of Paris, goes directly to Amiens, following the valleys of 
the rivers, such as the Oise, the Br^che, the Ar6, the Somme, 
which run north and south. From Amiens the line is carried 
to Douay, where it forks ; one branch being directed by Valen- 
ciennes to the Belgian frontier at Qui6vrkin, and the^ther by 
Lille to Calais, a sub-branch being carried from H^ebrouk to 
Dunkerque. 

A branch is also in progress from Creil, a place between Paris 
and Beauvais, to St. Quentin, by Compi^gne. This line was 
executed and nearly completed by the government, through the 
agency of the department of the Pants et Chauss^es; and being 
that part of the system projected in the law of 1842, which was 
attended with the most promising commercial results, it was 
found that, when it was proposed to offer this line ta. public com- 
petition, terms highly advantageous to the government could be 
obtained. 

In fine, it was granted in September, 1845, to the present 
company, upon a lease of thirty-eight years, the company agree- 
ing to provide aU the expenses necessary for the establishment 
of the railway, and to reimburse all the expenses which had 
been previously incurred in its construction. 

Connected with this railway, was the line extending from 
Amiens to Boulogne, which was constructed by a private com- 
pany, on a lease of ninety-nine years. 

Two short lines had been previously constructed and opefted 
for traffic, connecting Paris with Versailles; the one by the 
right, and the other by the left bank of the Seine. 

In carrying out the system defined in the law of 1842, these 
lines were adopted as the first section of the artery of com- 
munication intended to be carried through Brittany to .the 
port of Brest. It was accordingly proposed to continue this 
western line, by Chartres, Laval, and Kennes, to the ocean at 
Brest. 

No company having proposed to execute it, the government 
proceeded provisionally to construct it, through the agency of 
the department of the Ponts et Chauss6e8. 

The section from Versailles to Chartres has been completed, 
and recently opened for traffic. It is worked by the geveni- 
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inont. The remaiuiog sectioDS of the line beyond ChurtreB are 
in progress. 

The Paris and Orleans Railway, which had been previously 
conceded to, and nearly completed by a company, was adopted 
ns the first stage of the two lines of communication intended 
to be carried from the capital to the Spanish frontier. From 
Orleans it was proposed to carry one of these lintos, by Tours, 
Poitiers, and Angouldme, to Bordeaux, and from thence to 
Bayonne. 

This line, from Orleans to Bordeaux, is in process of execu- 
tion by the State. The first section, from Orleans to Tours, 
71*5 miles in length, has been completed, and is now in oper- 
ation. The entire line has been leased to a company for a 
period of twenty-eight years, on the conditions of completing 
the road structure, and. supplying the rolling stock and all the 
requisites for working the line. 

With a view to establish a railway communication between 
the centre of France, and the coal and manufacturing districta 
north of Lyons, on the banks of the Loire, it was proposed to 
construct a railway communication extending directly from 
those districts to the port of Nantes, intersecting the great 
southern line at Tours. No progress has, however, been made 
in this project east of Tours. The line from Tours to Nantes 
has been constructed by the government, and the section from 
Tours to Angers is now open for traffic, having been leased to 
a company for thirty-four years, on terms similar to those on 
which the grant has been made to the company of Orleans and 
Bordeaux. The other section, from Angers to Nantes, is in 
progress, and will be worked by the same company when com- 
pleted. 

A branch of the southern trunk line was contemplated, to 
be carried by Niort to Rochefort from Poitiers and La Ko- 
chelle ; but this has not been conceded, or even commenced. 

The continuation of this southern trunk from Bordeaux to- 
ward Bayonne still exists merely in contemplation. 

The first section of the great Centre railway intended to be 
carried fi'om Paris to Perpignan is completed and in operation. 
This section commences at Orleans, and is carried by Vierzon 
to Chateauroux, a distance of 90 miles, and is now in operation. 
A branch is thrown off at Vierzon, which proceeds eastward by 
Bourges to Neronde, and is intended to be continued to Nevers. 

This branch from Vierzon to Neronde is 38. miioB IQ length, 
and is in full operation* 
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Great finaocial difficulties have been encountered in execu- 
ting the southern trunk line from Paris to Marseilles. The 
section from Paris to Tonnerre, by Fontainbleau and Montereau, 
consisting of 122 miles, has been recently completed, and is 
now open for traffic. 

The section from Tonnerre to Dijon, consisting of 90 miles, 
is in progress, and will speedily be completed. The section 
from. Dijon to Chalons-sur-Saone, consisting of 43 miles, is 
completed, and under traffic. 

The section from Chalons by Macon to Lyons is in progress. 
The company to whom the line from Paris to Lyons was orig- 
inally conceded, on a lease of forty-one years, sinking under 
financial embarrassments, the Constituent Assembly, after the 
revolution of February, 1848, passed a law decfeding the line 
the property of the State, and offisring shareholders certain com- 
pensation in government stock. This has been followed by 
various negotiations, which are still in progress, and which will 
probably end in the establishment of a new company on new 
conditions. 

The continuation of this southerd trunk line from Lyons to 
Avignon was granted to a company who, finding themselves in- 
volved in financial embarrassments, resolved in 1847, to wind up 
their affairs, return the funds to the shareholders, and forfeit 
the deposit which had been made to the government, and the 
expenses incurred. Nothing has since been done with this 
section of the line, and the government is now negotiating with 
companies to include it with the line from Paris to Lyons under 
the same contract. 

This section will consist of about 150 miles. 

The last section of the Marseilles line between Avignon and 
Marseilles, granted to a company under a lease of thirty-three 
years, has been completed and open for traffic, the chief part of 
the cost of construction having been defrayed by the. State. 

A branch of this line, 15 miles in length, ia in progress from 
Kognac to Aix. The total length, of the line from Avignon to 
Marseilles now in operation is 78 miles. 

The line connecting Paris and Strasbourg has been under- 
taken by the State, and is now completed and in operation, as 
far as Chalons-sur-Marne, a distance of 107 miles. The next 
section, from Chalons to Nallcyy making a total distance of 144 
miles, will probably be in operation before the end of 1851. . The 
remainder of the line from Nancy to Strasboiirg, as well as the 
branches from Epernay to Rheims, and from Frouard te ]«^or» 
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bach ore io progresi and id a forward alate. Thft total l»agth 
of this trunk line and brancbes wJU, when completed, be 410 

TbiB line hu bean leased to a company for Airtj-foar years, 
on conditioDB similar to those already aiplsioed for the Centra 
line and the Orleans nnd Bordeaux ; the compaay Dndertaking, 
however, the coastruction of the braDchfrom FroQard to For- 
bach, 75 nilBB, at an expense of dE 1,680, 000. 

Of the lines contemplated to connect UarseUlea withBordaaux 
and the Rhine, nothing has beeo done. 

, The connection between Marseilles and the Rhine will be 
effected as far as Dijon by the great Bonthern rsilway already 
mentioned. A branch is cootemplated from Dijon by Besan^oD, 
to nnite with the Strasboui^ and Basle Railway at Malhaussn. 
Respecting this branch, however, nothing haa been done. 

Besides these, which constitute the principal tronk linei in- 
dicated by the legislature, several detached lines hav0 been pro- 
jected, and some executed io different locslities. These, how- 
ever, are generally short, and of but Utile importance. 

The following table exhibita the length of the French rail- 
ways, distinguiahingthose which are open fortmffic, these which 
are in progress, and those which are projected, but not com- 
menced : 
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It appears from this table, that the following are the total 

lengths of the French railways for the transport of passengers 

and goods, under traffic, in progress, and projected : 

Under traffic l.TSSmiles. 

laprogreM It874 „ 

Total length open and in progreis 8,966 „ 

Projected, but not commenced 577 „ 

Total : 3,573 „ 

Besides these, there are, as appears by the above table, 150 
miles of railway for the conveyance of coals and minerals, in 
many cases composed of single lines of railway of comparatively 
small importance. 

It is difficult to ascertain with precision the actual cost of the 
construction of the French railways, owing to the manner in 
which they have been executed, and to the great variety of ar- 
rangements which have been made between the government and 
the companies to which they have been leased. - In some cases, 
as in the Northern Railway, the companies have reimbursed, or 
have undertaken to reimburse the State the entire expense in- 
curred in the construction of the line. In other cases, however, 
these expenses remain to the charge of the State, find the com- 
panies undertake to provide only the remainder of the capital. 

I have, however, been able to ascertain, from the published 
reports of the railway companies and from the official docu- 
ments published by the government, the actual cost of con- 
struction of the following lines, with sufficient approximation 
to supply the basis of a general average estimate of the coft 
of the entire system, completed and in progress. 



Stnofsis of the Length and Cost of Gonstmction of Fifteen of the 

principal French Railways. 



Name of Railway. 



North 

I Amiens and Boulogne 

j Paris and Roaen 

I Rouen and Havre ,. 

Roaen and Dieppe 

Paris and Versailles (right bank) 

(left bank) . 

Paris and Orleans 

Orleans and Tears 

Tears and Angers 

Centre 

Avignon and Marseilles 

Strasbourg and Basle 

Paris and St. Germain 

Lyons and St. Etienne... 

Totals and averages. 



Length 

ander 

Traffic. 



321 

77 

85 

55 

31 

11-8 

10-5 

81-5 

71'5 

67 
142 

78 

87 

13 

36 



1167*3 



Total Ezpeoan of 
Coafltroctioii mod 
Worktnc Stock. 



7,216,596 

1,562,564 

3,682,878 

2,324^790 

570,440 

740,258 

690,832 

2,324,784 

1,749,628 

1,355,916 

3,473,812 

2,894(193 

1,788,536 

996,399 

949,866 



3l,3fil,49t 



Avanfa 

Coct 
perMilei 



22,481 
20,393 
31.563 
42,269 
18,400 
63,734 
65,700 
98,535 
34,470 
80^239 
84,463 
37,105 
80,557 
76,646 



^ 



86,83!^ 
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The length of these fifteen lines being 70 per cent, of the total 
length of the lines under traffic, and 41 per cent, of the total 
length of those under traffic and in progress, we can nut fall 
into serious error if we assume the average cost per mile of this 
extent of 1167 miles as a standard cost for the whole. This 
will enable us to compute the amount of capital which has been 
absorbed by the entire system of lines open, and the additional 
amount which will be absorbed by those which are in progress 
when completed, as well as by those which are projected, if they 
should be executed. The result of this computation is as follows : 

Estimated Cost of the French Passenger Railways, ^ 

£. 

1722 miles open at c£26,832 a mile 46,1204,704 

1274 miles ia progress at do. 34,183,968 

80,388,672 
577 miles projected, out not commenced, at do. ... 15,482,064 

.3095,870,736 

Hence it appears that the French lines executed, and those 
likely to be completed, will absor4) a capital of more than eighty 
millions; while those which are projected, but the execution .o^ 
which has not been commenced, will require nearly fifteed 
millions and a half. 

It is probable that the estimate of the cost per mile which we 
have assumed is not below the truth, inasmuch as, among the 
fifteen lines from which it has been deduced, there are some 
which are exceptionally high in their cost per mile. 

It will be perceived from what has been explained, that the 
French railway companies stand in the relation of tenants or 
lessees toward the state. In many cases, the government pro* 
ceeded with the construction of the lines before a grant had been 
made, or even before the lines were submitted to competition. 
The surveys were all made, under the direction of the govern- 
ment, by the engineers of the department (^the Fonts et Chaus- 
sees ; the earth-work and works of art were also in some cases 
constructed, the iron-work of the road laid, and the buildings 
of the stations erected. In a word, several of the lines were 
already in a forward state at the epochs at which they were 
submitted to competition, with' a view to leasing them' to the 
companies by whom they were to be worked.^ 

The mode in which the government proceeds to offer the 
leases to public competition is nearly the same as is customary 
with public contracts in England. A day is named on which 
sealed proposals previously received by the goveraraoDt will be 
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opeDed. The minister lays on the table a sealed paper, in 
which is stated the raaximum duration of the lease which the 
government has determined to grants and it is understood that 
the company which offers to accept the line on the shortest lease 
will receive the preference; but government does not bind itself 
to select the shortest lease proposed, if other circumstances 
appear to render another proposal preferable. 

The effect of this system of competition, combined with the 
railway mania which prevailed at the epoch at which the prin- 
cipal concessions were offered, has had the effect of greatly 
abridging the period for which the leases of some of the princi- 
pal lines have been granted. Instead of ninety-nine years, which 
were granted to the earlier companies, the more recent leases 
have been limited to periods varying from thirty to forty years. 

The French railways in general have been opened at an epoch 
comparatively so recent, that they supply much more limited 
data for the calculations of the average results of the movement 
of the traffic upon them than do the railways of Belgium or 
those of the United Kingdom. The reports published, however, 
have been in general so ample as in some degree to compensate 
for the brief period through which they extend. 

The locomotive and carrying stoek, as well for passenger as 
for goods traffic, is in all respects similar to that which is worked 
on the English railways. Indeed, in many cases, the passenger 
carriages are constructed in a more luxurious and commodioas 
manner, and the second-class coaches especially are provided» 
and furnished with more regard to public convenience. 

The locomotive duty, the consumption of fuel, and other par- 
ticulars relating to the engines on the French railways« give 
results not differing in any important respects from those which 
have been already exhibited with reference to the railways of 
the United Kingdom and of Belgium. It is found, for example* 
that the average distance run by each engine lighted variea fbom 
seventy to eighty miles ; that the average daily mileage of each 
engine employed is about thirty miles ; and that the average 
consumption of fuel per mile run, including that which it con- 
sumed in lighting and standing, is about forty pounds. 

As an example of the manner hi which the rolling stock is 
utilized on the French railways, and of the very complete re- 
ports published of the railway statistics in that country, I give 
the following synopses, deduced from the reports of the Northern 
Railway Company, which works the traffic of three huodred 
and twenty miles of lines, being nearly 20 per cent, of oil the 
lines under traffic : 
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Tabular Synopsis of the average daily Mbvemeot of the Locomotive 
Stock of the North of France Railway daring the Year 1848. 



Namber employed 

Their total mileage 

Average distance traveled per engine. .. 

Total mileage of trains 

Number of trains perlOO drawii by two engines. 
Equivalent number running over entire line .... 



Panenger 
Engines. 



113 

3,476 
30-7 

3,083 
12-75 
10-8 



Goods 
Engines. 




Total number of engines lighted daily -. . -,« 57-5 

Average distance traveled per engine lighted 92 miles. 

Number of lbs. of coke consamed daily 846,600 

Number of lbs. per mile ran... 46*7 • 



Tabular Synopsis of the average daily Movement of the Carrying-Stock 
on the North of France Railway daring tha Year 1848. 


Passenger Stock. 

Saloon carriages 

Ist class coaches ..... 


Number 
employed. 


Total 
Miieace. 


Diatance 
traveled 

per 
Yebide. 


Averace 

Number 

composing 

a Train. 


Equivalent 

y Number 

running over 

ttie entire 

Line and 

Branchea. 


102 

183 
199 


10 
4,235 
6,354 
6,020 


41*6 
34-7 
30-3 


00033 
1-37 
206 
1-95 


003 
13-2 
19-8 
18-8 


2d „ ,, 


3d „ „ 


Totals and averages. 
B aggage and parcel-vans . 
Carnage and diligence- 
trucks ,.. 

Horse-boxes 

Milk-wagons 

Post-offices . 


484 
97 

78 
50 

* • 


16,619 
6,200 

1,430 
480 
706 
493 


34-4 
640 

18-3 
9-6 


5-3833 
2010 

0-464 
0-155 
0-228 
0-160 


51-83 
19-30 

4-46 
1-50 
2-20 
1-50 


Totals 

Goods Stock. 

Flat-wagons 

Covered-wagons for sugar 
and merchandise 

Ditto for cattle and mer- 
chandise 

Sheep-wagons 

Wagons for transport of 
turn tables 

Totals and averages . 


709 


25,928 


34-9 


8-4003 


80-79 


-3,119 

J 


24,260 

5,972 

9,356 
259 

5 


.12-8 

J 


16-000 

3-900 

6150 
0-170 

0-003 


75-600 

18*^00 

29-200 
0-810 

0-015 


3,119 


39,852 


12-8 


•26-223 


124-325 
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In the last columo of this table is exhibited the relation be- 
tween the movement of the roiling stocli and the extent of the 
railway. The numbers iq it express the number of vehicles of 
each kind which would have run over the whole length of the 
railway per day, if the movement of the rolling stock were uni- 
formly distributed over it. 

In the following table is presented a synopsis of the pas- 
senger traffic on several of the principal railways of France, 
during the year 1848, together with the average results of the 
whole. 

It is necessary, however, to observe that this year, 1848, was 
exceptional as regards the French railways more especially; 
the traffic having suffered a considerable diminution, and on 
several having been totally suspended for a certain interval, ^by 
the events of the Revolution. 



Tabular Synopsis of the average daily Movement of the l^assenger 
Traffic, and the Revenue proceeding from it on the principal French 
Railways daring the Year 1848. 


Northern. 

1st class 

2d class 

3d class 

Totals and averages 

Boulogne and Amiens. 

1st class 

2d class 

3d class 

Totals and averages 

Paris, Rouen, and Havre. 

1st class 

2d class 

3d class 

Totals and averages 

Rouen and Dieppe. 

1st class 

2d class 

3d class 

Totali and averages 


Number 
booked. 


Total 
Avenge 
: daily 
MUeage. 


h 


Receipts 

per Paa- 

Benger 

booked. 


Average 
Diatauce 
traveled 
per Pa*. 
a«Bfer. 


Average 
Receipts 
per Pas- 


514 
1,705 
4,375 


29,555 

66,836 

114,187 


188 
318 
350 


8. d» 
7 3^ 
3 10| 
1 7i 


JdiUt. 
57-5 
39-2 
26-1 


1-62 
M7 
0-74 


6,594 


210,578 


856 


2 7^ 


31-9 


0-98 


78 
184 
227 


4,149 
7,089 
5,084 


30 
38 
21 


7 8i 
4 2 
1 9i 


53-2 
38-5 
22-4 


1-74 
1-30 
0-96 


489 


16,322 


89 


3 4 


32^6 


1-23 


325 
1,030 
1,959 


14,625 
32,445 
56,419 


102 
170 
220 


6 3 
3 3^ 
2 3 


450 
31-5 
28-8 


1-67 
1-25 
0-94 


3,314 


103,489 


492 


2 UJ 


31-2 


1-08 


18-4 

89-0 

112-6 


520 
2.194 
2,209 


3-43 

1105 
8-25 


3 7} 

in 


28-95 
24-65 
19-61 


1*54 
1-20 
0-89 


2200 


4,923 


23*73 


9 Of 


82*09 


V\% 
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* Paris and St Gkrmain. 

Ist class 

2d class 

3d class 

Totals and averages 

* Paris and Versailles 

(right). 

Ist class ...... 

2d class . 

3d class 

Totals and averages 

Paris and Orleans. 

Istcla^s ..... 

2d class 

3d class ... 

Totals and averages 

Marseilles fmd Avignon. 

Ist class ... 

2d class 

3d class 

Totals and averages 

Strasbonrg and Basle, 
and Mulhaasen and 
Thann. 

1st class 

2d class ... . 

3d class . 

Totals and averages 

Grand totals and general 
averages. 

1st class 

2d class 

3d class ........ 

Totals and averages 



Number 
booked. 



7-2 

330-0 

2065-0 



2402-2 



7 
404 

1,888 



2,299 



473 

912 

2,253 



3,638 



Total 
Avferace 

daUy 
Mileage. 



93 

3,861 

20,133 



24,087 



77 

4,194 

16,048 



20,319 



29,799 
38,031 
44,159 



111,989 



69 

393 

1,378 



2,567 
11,043 
29,214 



1,840 



42,824 



116 

565 

1,300 



3,190 
10,057 
19,240 



1,981 I 32,487 



1,607 84,575 

5,612 ; 175,750 

15,557 I 306,693 






£. 

06 
17-9 > 
74-5 



93-0 



0-6 
23-10 
73-0 



97-6 



175 
187 
130 



492 



17-5 
56-0 
960 



169-5 



21-4 
510 
63-0 



135-4 



Receij^U 

per Pak> 

Moger 

booked. 



538 

872 

1,036 



22,776 j 567,018 



2,446 



8. d. 

1 6 

1 1 

8^ 



9 



1 8 
1 li 
9| 



10;^ 



7 5 \ 

4 H 
1 3 



2 8i 



5 0^ 
2 10 
1 & 



1 10 



3 
1 9 
1 6 



1 4i 



Avemge 
Distance 
tn^veled 
per Pas* 

fleager. 



6 8 

3 n 

1 4 



2 1} 



MiUs. 
130 
11-7 
9-75 



1003 



11-00 

10-38 

8-50 



6-83 



630 
41-7 
19-6 



30-7 



37-2 
28-1 
21-3 



24-72 



27-5 
17-8 
14-8 



16-40 



Avert^ 
Receipts 
per Pas- 

seDf er per 
Mile. 



4. 

1-47 

1-11 
0-87 



52-4^^ 

31-20 

19-72 



24-9 



0-9 



1-74 
1-30 
1-08 



1-16 



1-42 
1-18 
0-71 



1-05 



1-62 
1-21 
0-80 



0-89 



1-62 ' 

1-21 

0-81 



0-97 



1-53 
1-19 
0-81 



103 



* Strictly speaking, the class denominated Ist on these lines, corresponds with the 
saloon class on other French railways, and is scarcely analogous to Ist-clnss pas- 
sengers generally. Hence the exceptionally small proportion of these passengers. 



It will be desirable to show, as we have done with respect to 
the railway traffic elsewhere, the proportion in which the dif- 
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ferent classes of passengers have contribated to the bnsiness of 
the railways. 

This 18 done in the following table for several of the principal 
lines, and the average result of the whole is given : 



Table showing the Proportion of Boainesi supplied to the principal 
French Railways by toe several Classes of Passengers, and the Pro- 
portion in which they contribated to the Bieceipts. 


North of France. 

Ist class................ 


Number of 

each Class in 

every 100 

booked. 


Share of each 

Class hi every 

100 Miles 

traveled. 


Share of 

each Class in 

every JCIOO 

Receipts. 


7-8 
25-8 
66-4 


140 
31-7 
54-3 

1 


220 
37-3 


2d class................ 


3d class... 


40-7 


Total 




100-0 


1000 


1000 


BonHogne and Amiens. 

1st class................ 


16-0 
37-5 
46-5 


25-5- 
43-5 
310 


33-7 
42-7 


2d class ................ 


3d class 


23-6 


Total 

Paris, Rouen, and Havre. 

1st class................ 




1000 


100-0 


1000 


9-8 
31-1 
59-1 


141 
81-3 
54-6 


20-7 
34-6 

44-7 


2d class 


3d class 


Total 

Rouen and Dieppe. 

1st class ................ 


100-0 


1000 


100-0 

k II, 


8-4 
40-0 
51-6 


10-5 
44*5 
450 


15-2 
48-6 
362 


2d class ............ 


3d dass 


Total 


100-0 


1000 


1000 


* Paris and St Germain. 

1st class ................ 


0-3 
17-5 
82-2 


0-4 
16-1 
83-5 


0-6 
18-4 
810 


2d class 


1 3d class..... 


1 


Total 

* Paris and Versailles (right 
bank). 

1st class.......... ...... 


1000 


100-0 


100-0 


0-3 
17-6 
821 


0-38 
SO-63 
7900 


0-6 

.83-8 

75-6 


8d class... ............. 


3d class ................ 


Total 


1000 


100-0 


100-0 1 



* See note to table at p. 381. 
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J f ^ 

Orleans. 

1st class................ 


Number of 

each Class in 

eve nr 100 

booked. 


Share of each 
Class in evew 
100 Miles ■) 
tniveled. 


dhareof 

eaehCtassiii 

every XlOO 

fteceipts. 


13*0 
251 
61-9 


- 26-6 
34-0 
39-4 


35-6 
381 
S6-3 


2d class .. ........... 


3d class ................ 


Total 


100-0 


100-0 


100-0 


Marseilles and Avignon. 

1st class ................ 


3-8 

21-4 
74-8 


6-0 
25-8 
68-2 


10-3 
33-1 
56-6 


2d class ................ 


3d class p.... 

Total 


100-0 


100-0 


iqo-o 


Strasbourg and Basle, 

1st class ..*.... 


5-9 
28-3 
65-6 


100 
30-8 
59-2 


15-8 
37-8 
46-6 


2d class..., 

3d class 


Total 

General averages. 

1st class.... 


1000 


100-0 


100-0 


7-0 , 
24-6 
68-4 


14-9 
30-9 
54-2 


21-9 
35-6 
42-5 


2d class 

3d class 


Total 


100-0 


100-0 


100-0 



By compariDg the mileage nnd receipts of the passengers 
with the mileage of the ODgioes or trains, the average number 
of passengers carried by each train, and the average receipts 
per train per mile, may be ascertained. This is exhibited in 
the following table : 



Tabular Analtsis of the daily Movement and daily average Receipts 
of the Passenger Traffic on the nndermentioned French Railways for 
the Year 1848. 



Northern... 

Boulogne and Amiens 

Paris, Rouen, and Havre.. 

Rouen aud Dieppe 

Paris and St. Germain 

Paris and Versailles (right) 

Paris and Orleans 

Orleans and Tours 

Strasbourg and B asle 

Avignon and Marseilles ... 

Totals and averages. 



Average 
daily Mile- 
age of Pas- 
senger 
Trains. 



3,083 
616 

2,677 
330 
182 
154 

1,265 
565 
841 
740 



10,453 



Average daily 

Mileage of 
■Passengers. 



210,.578 
16,322 

103,489 

4,923 

24,087 

20,319 

111,989 
75,710 
32,487 
42,834 



642,728 



Average 
Number of 
Passengers 
per Train. 



680 
26*5 

38-7 

14-9 

132-0 

1320 

88-5 

134-0 

38-6 

580 



61-4 



Average 
Receipts 
per Train 
per Mile 
run. 



8. d. 
6 9| 

4 9 

5 

2 a 
10 3 
12 6 



6 11 

3 6^ 
5 1 



7 ^ 
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To ascertain the proportion in which each class of objects of 
transport contributed to the gross revenue of the railways, it is 
only necessary to compare the receipts proceeding from each 
class with the gross receipts. 

The results of such a comparison for some of the principal 
railways are given in the following table : 



Table showing the Share of every XlOO of gross Kevenne contributed 
by each Glass oi Traffic on the under-mentioned French Railways. 



Passengers 
Baggage .. 

Parcels. . . . 
Horses . . . . 
Carriages . 

Mails 

Goods .... 

Cuttle 

Sundries . . 



Total.... 



North of 
Fmnce. 



49-40 
1-47 

8-86 
0-27 
0-67 
2-22 
34-25 
1-52 
1-34 



Orleans. 



50-87 



49-13 
300-00 



48-90 
5-55 

3-47 
0-45 
1-02 
3-39 
30-64 
7-28 



53-75 



PKrwaad 
Rouen. 



-46-25 
100-00 



46-70 
2-51 

10-72 
0-24 
0-44 
3-65 

31-40 
005 
4-29 



49-21 



Booeauid 
Barre. 



50-79 
100-00 



37-60 
1-92 

8-95 
0-02 
0^ 
2-67 
48-00 
0-01 
0-80 



39*52 



60-48 
100-00 



i 



By comparing the mileage of the tons of goods carried, and 
the gross receipts produced by them, with the number of tons 
bucked, we are enabled to ascertain all the circnmstances at- 
tending the goods traffic. 

These are exhibited in the following table : 



1 .... 

Tabular Analysis of the Movement of the Gkxids Trafljc, And the 
Receipts proceeding from it, on some of the principal French Bail- 
ways. 


Goods Traffic. 


Average 
Number 
of Tons 
booked. 


Aversgtt 
MUea^. 


Average 

Distance 

carried 

per Ton. 


Average 
Secel^ 
per Ton. 


Northern 


1015 
713 

1367 
190 


84,821 
41,653 
80,534 
49,300 


83-5 . 
58*5 
59-0 
26*0 


«. d. 

5 94- 
3 10 


Paris and Orleans... 


Paris, Roaen, and Havre 


Lyons and St. Etienne 







The proportion in which the revenue of the principal lines 
has proceeded from passengers and merchandise is exhibited In 
the following table, the revenue from passengers inclading all 
the traffic carried by the passenger trains-: 
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Tabl'lirAnaltsis of the Total average liailv Receipls. Eipenaos, and 
Profits on the principal Freiwh Railwsj. dariug the Vaar 1848, ihow- 


-- 


R„.i(«- 


.=^ 


1 


.... 


7^ 


^ 


TolU. 


™ 


0^ 


N nh 


93 
B31 

MS 


W7 
1' 


339 




i 


era 

E33 

m 

3sa 


370 
M-3 


BouloBne idi) A mien! . . 
Peri., Rouen, ^i H.vre 

Bonen nnd Dieppe 

Pati) and St. I^etmiln . . 
IMrlanndVersnilleB.... 


StruiHnliBnndBule... 
Avignaii end Maieellloi. 
LyDunadBLEUeiuis.. 

Tolol. «ai Bveraie. 


3618-B 


s,m 


.7<i5-3 


iS'3 1 37'^ 


tea 


si«a 



B; comparing the receipts, eipeDses, and profits wiA the 
moTement of the trains, the length of the lioeB worked, aod the 
expeuBe of their cODStructioQ, we obtain the proportion of theie 
aaeigneble to each mite run by the trains, eacli mils of Uie rail- 
way open, and each ^100 of the <:apital expended. This is 
exhibited in the foJlowing table ; • 



Profits un tfae French Eailwayi, chirgeable per Mile mn bv Trsini, 
por Mile of Linea worked, and pel CeXnf Capital eipaoded^ 


lUll-w- 


r„»,»»fT»„. 


P„K^»,«^.„. 


'""irfe.';,',^'""™ 1 


«iri.'. 




r™.^ 


™%. 


pf™ 


r™.,. 






Pn-au. 




^^ 

S31 




13i 


2«1 


»1» 


1-3S 

D-SO 
I-B5 


3U 


10-08 
3-iit 
10-50 


4^3 

1-18 

i4S 

!l 

MX 


Boulogne uid Am 

Kouen and Dieppe 
Fsrii ud Bt. c!er- 


FuiiinilVerHUlH 
Pnrii nnd Orleau . 
OrionniMilToor., 


S-and" 


1!j 


— 






3.33 


11)7 


_7^ 


4-sa 
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The average speed of the passenger traioi on the principal 
French lines is exhibited in the following table : 



Tabular Analysis of tlie Movement of the Pmiiei^er Traffic on the | 
French Lines of Railway, showing the average Speed, Stoppages, Arc, i 
of each Class of Trains. — ^N.B. An averajg^e Loss of Five Minutes is { 
allowed for each Stoppage, except in parncnlar Cases where a greater ; 
Delay ii fixed by the Programme. This is intended to indade the 
Time loft in commg to Rest, and getting up Speed. 



Railway 



Paris to Calak 

i» n 

»» »» 

Paris to Boulogne 

Paris to H«?re 

» }» 

Paris to Orleans 

>i It 

Orieans to Tours 

Tours to Angers 

>» »» 

Paris to Chalons-sur-Mame 

» ti 

»» » 

IfePtals and avenges. . 



Train 



MaU 

Ist elass 
3d class 
1st elass 
2d class 
Night M. 
Ist class 
3d class 
Ist class 
3d class 

• • 

Ist elass 
Sd clnss 
1st class 
2d class 
3dcla« 



DiBtance 
trareled. 



JIUes. 

935-0 
235-0 
235H) 
168-3 
108^ 
140-0 
140-0 
140-0 
TSKW 
75-00 
64-50 
39-75 
39-75 
206-75 
106-75 
106-75 



9075*85 



Time. 



8 

9 25 
IS 30 

6 45 

7 10 
6 45 

6 5 

7 6 

3 U 

4 



3 
3 

5 

4 
4 
5 



55 

30 
36 
50 




97 53 



Naof 
Sto|>- 
paCM. 



10 
93 
33 
15 
31 

1 
23 
38 

4 
1?7 
U 

5 
13 
10 
19 
14 



343 



AveraM 
Speed 

iDciadlnc 
Stop- 
page 



MUet. 
30-35 
95-40 
18-85 
SSrOO 
93-50 
99-70 
93iK) 
19-75 
93-10 
18-79 
16*50 
13-95 
7-90 
99-95 
93*10 
91-35 



ATeni^ 

Speed n 

Blotjon 

ezcladiii( 

Stop- 

V8»- 



91-90 



Mfftt. 
34-60 
39-40 
35-40 
39-30 
33-10 
80-70 
34-35 
30-85 
95*80 
98*85 
94-95 
15-30 
8-65 
98-10 
96-65 
98-00 



96-95 



CHAPTER XIX. 

GERMAN RAILWAYS. 

The GerraaDic States are the only exteDsive theatre of rail- 
way enterprise which now remains to be ooticedt aod ander 
this term I would be understood to include all that portion of 
Central Europe which is situate east and north of the Rhine. 

The system of railways executed and in progress upon this 
part of the Continent is very unequally distributed, in accord- 
ance with the unequal distribution of population, commerce, and 
industry. A tract, east of the frontier of the kingdom of the 
Netherlands, having a length of about four hundred miles meas- 
ured east and west, and a breadth of about two hundred miles 
measured north and south, is covered with a close network of 
railways, most of which are completed and in operation, and 
the remainder in active progress. 

This system includes Prussia Proper and its provinces, the 
kingdoms of Hanover and Saxony and their dependencies, and. 
Brunswick and the other nortiiern duchies. These form an 
extensive basin of population, cqmnierce, and industry, subor- 
dinate and tributary to which all the other systems of railways 
in the Germanic States may be considered. These latter sys- 
tems consist of four distinct trunk Hues, ranning north and south 
in parallel directions. 

The first follows the course of the Rhine, commencing at 
Cologne, and terminating for the present at H&le. This system 
is completed and in full operation from Mayeliee and Frankfort 
to B^le, and from Cologne to Bonn, the link between Bonn and 
Mayence being still incomplete. 

Short branches are thrown off from this trunk line at vari- 
ous points, to reach principal centres of population which do 
not lie in its direct course, such as Baden, Manheim,^ and 
Spires. 

The second of these tributary lines which run north and 
south is the WOrtemburg Railway, which has for its point of 
departure Stuttgard, the capital of that kingdom. From this 
the line proceeds northward to HeilbronUt to which point it is 
complete and in operation. From Heilbronn, it is proposed to 
continue it to Frankfort; and a brancA is also projected to con- 
nect Stuttgard with Carlsruhe. 
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From Stuttgard, the line is carried southward by Ulm to 
FrederickshafeD, on Lake Constance. This part is also nearly 
completed. It is proposed to continue the line southward from 
a point on the opposite shore of the lake, crossing the Alps, 
by the pass of the Splugen, and descending by the western 
shores of the Lago Maggiore into the plain of Piedmont, ter- 
minating on the field of Marengo, under the walls of Alex- 
andria. Here this line would join the Piedmont system of 
railways, and thus communicate at once with Turin and Genoa. 

A continuous line of railway communication would thus be 
made from Genoa to Cologne, and thence to the principal ports 
of the Baltic, the Sound, the German Ocean, and the Channel, 
by means of the extensive network of railways already describ- 
ed as overspreading the northern section of the Germanic States, 
and by the Belgian lines. 

The third great tributary to which we have referred is that 
which traverses the kingdom of Bavaria, having Munich as its 
point of departure. From Munich it proceeds northward, by 
Augsburg, Donauworth, Nuremberg, Bamberg, and Lichten- 
fels, to Hof, where it unites with the Saxon railways, and ul- 
timately reaches Leipsic ; being thus connected with the great 
northern system already mentioned. This northern trunk of 
the Bavarian system throws off several branches east and west. 
From Augsburg a branch is in progress, intended to he carried 
to Lindau, on the shores of Lake Constance. This is com- 
pleted and opened as far as Kaufbeuren, the remainder being 
in progress. Another branch proceeds westward from Augs- 
burg, and unites with the Wttrtemburg Railway at Ulm. From 
Naremburg a branch is projected (but not yet commenced), to 
be carried eastward, and to terminate on the left bank of the 
Danube, at Ratisbon. From Bamberg a branch is in progress 
westward, to be carried through Wflrzburg to Frankfort on the 
Maine, and there to unite with the great Rhenish trunk. From 
Lichtenfels a link is projected, but not yet commenced, to pass 
through Cobourg and Meiningen to Cassel. Finally, it is in- 
tended to carry a branch eastward from Hof to Pilsen in Bo- 
hemia, and from thence, by two branches to Prague on the one 
side, and to Budweis, the terminus of an Austrian mineral line, 
on the other. 

The Bavarian trunk line for the present terminates at Munich, 
but it is designed to carry it southward and eastward. The 
southern trunk will traverse the Tyrol, passing through Inn- 
spruck and Bautzen, following the pass of the Alps to Trent, 
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and terminatiog finally at Verona, where it will unite with th^. 
railway connecting Venice and MUan. 

When this project shall be realized, a continuous railway 
communication will be in operation between the Adriatic and 
the ports of the Baltic, the Sound, the German Ocean, and 
the Channel, the course being through the Tyrol, Bavtiria, 
and either through the Rhenish states, or through Prussia, 
according as.it is desired to reach the German Ocean or the 
Baltic. 

The eastern trunk will be carried from Munich to Saalsburg, 
on the frontiers of Austria, where it will fork ; one branch 
being carried to the Linz and Gmtlnden line at Lambach, and 
the other to the Vienna and Trieste line at Brtlck. When 
this project is realized, an unbroken railway communication 
will be formed from Vienna westward to Munich, and from 
thence, by Augsburg, Ulra, and Stuttgard, to the Rhine at 
Frankfort. 

The fourth tributary of the northern basin is that which 
traverses Austria north and south, having Vie una for its point of 
departure, and throwing off numerous and important branches. 
This line proceds south from Vienna by Glognitz, Gratz, Cilli, 
to Laybach, and terminates at Trieste. The line is already 
open and in operation to Laybach, with the exception of a 
short distance presenting some engineering difficulties near 
Glognitz. The section between Laybach and Trieste crosses 
the Julian Alps, and will be attended with some engineering 
operations of an expensive kind. 

Of the branches from this southern trunk of the Austrian line, 
one of the most important is that which has been already men- 
tioned, connecting Brtlck with Saalsburg and Munich. Another 
proceeds eastward from Neustadt, and is completed as far as 
Oderberg. It is intended to be continued to Pesth ; and the 
last section of it, connecting Stahlweissenberg with Pesth, is in 
operation. From Vienna, several short lines to neighboring 
places of resort, such as Laxenberg, Brtlck, and Stokerau, are 
completed and in operation. 

The trunk line is carried northward from Vienna by Gands- 
erndorf, Lundenburg, and Prerau, to Oderburg, on the confines 
of Upper Silesia, where it unites with the extensive system 
of northern lines already adverted to. This northern trunk 
throws off several extensive and important branches. The 
first proceeds eastward from Gandserndorf to Presburg and 
Pesth, throwing off a sub-branch to Tyrnau. It is completed 
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and iQ operation as far as Presburg, as is also the last section 
between Waitzen and Pesth, and the sub-branch to Tjrnau, 
the intermediate sections being in progress. 

From Pesth the line is continued eastward into Hungary as 
far as Debreczen, about half its length, terminating at Sczolnok, 
being completed and in operation. 

Another branch of the northern trunk is carried westward 
from Lundenberg, passes the field of Austerlitz at BrQun, and 
is continued from thence toBohm-Tribau in Moravia. Another 
branch proceeds eastward from Prerau by Olmutz, and unites 
with the former at Bohm-Tribau. From Bohm-Tribau this 
line proceeds further eastward by Kollin to Prague, from 
whence it is continued northward to Dresden, following the 
valley of the Elbe, where it unites with the great northern sys- 
tem already described. Short branches are thrown off from 
Prague to Lana and to Saatz. 

The branch lines from the Austrian northern trunk, extend- 
ing across the entire territory of Bohemia, are complete and in 
full operation, with the exception of a short section near Dres- 
den, betw^een Pirna and Aussig. 

This Austrian system of railways thus carried north and 
south, and which is now completed, except the short section 
between Labach and Trieste, forms an almost unbroken line 
of railway communication between Trieste and the variooB 
ports of the Baltic, the Sound, and the German Ocean, and 
presents various routes according to to destination aimed at. 
If the ports of the German Ocean be desired to be reached, 
the branch diverging eastward at Lundenberg will be adopted, 
by which the traveler will pass pass through Bohemia, Saxony, 
and Western Prussia, touching at Prague, Dresden, Leipsic, 
Magdeburg, and arriving ultimately at Hamburg. If it be de- 
sired to reach the ports of the Baltic or the Sound, he will 
pursue the Austrian trunk line to Oderburg, on the frontiers 
of Silesia, where he will enter on the Prussian-Silesian system, 
and will pass by Breslau, Frankfort on the Oder, and Berlin to 
Stettin. 

Berlin is the common centre and point of departure of the 
extensive system of northern railways. From this capital sevea 
trunk lines will ultimately diverge, five of which are completed 
and in operation. The first of these connects Berlin with flbii- 
burg, passing through Wittenberg, and following the right ^nk 
of the Elbe. 

The second connects Berlin with Hanover and Dnsseldorf, 
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on the right bank of the Rhine, passing throug^i Magdeburg, 
Brunswick, Minden, and Hamm, and throwing off various 
branches in its course. 

The third proceeds from Berlin, by Potsdam, to Kothen, 
Halle, Weimar, Gotha, and Cassel. From Halle, a Jink con- 
nects it with Leipsic, and this is continued from Leipsic to 
Dresden. A shorter course, however, has been opened be- 
tween Berlin and Dresden, by a link formed with the Berlin 
and Kothen line just mentioned, proceeding from JUterbogt to 
Kiesa, passing through Herzburg. 

The fourth line diverging from Berlin, and* which may be 
considered as the continuation of the Berlin and Hamburg line, 
passes through Frankfort on the Oder, and is carried through 
Upper Silesia, by Bunslau, Breslau, and Oppeln, to Kosel, 
where it forks, one branch going to Cracow, and the other 
uniting with with the Austrian northern trunk at Oderburg, on 
the frontier. This Silesian trunk line by Berlin and Cracow 
throws off various branches of more or less importance, con- 
necting it with the principal centres of population and industry 
on the one side and the other. A most important branch, pro- 
ceeding northward from this hue, is intended to be carried 
from Breslau by Posen to Dantzic and Kdnigsberg; and an- 
other is projected from Frankfort to Posen, uniting with this 
latter. 

The fifth line diverging from Berlin proceeds northwai*d to 
Stettin, from whence it is carried at right angles by Stargard 
to Posen. 

The two remaining lines diverging from Berlin have not yet 
been commenced. One will proceed northward to Strelitz, and 
the other eastward to Bromberg, in the grand duchy of Posen, 
uniting at this point with the Breslau and Dantzic line already 
mentioned. 

A great number of lines are projected, but not yet com- 
menced, in the tract of country between the Weser and the 
German Ocean, which will be seen by reference to the table 
of railways completed and projected, which we shall presently 
give. 

Dresden and Hanover form two secondary centres of diverg- 
ence of this northern Germanic system. From Dresden three 
trunks diverge ; one, which has been already mentioned, fol- 
lows the valley of the Elbe to Prague ; another proceeds east- 
ward, by Bautzen to Kohlfurt, where it unites with the Silesian 
trunk line connecting Berlin with Breslau, throwing off a branch 
to Zittau; the third trunk, which diverges from Dresden, pro- 
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ceeds westward to Leipsic, first following the right bank of the 
Elbe, which it crosses at Kiesa. A branch proceeds from 
Kiesa to ChemuitZf now in operation, which is to be continaed 
to Zuickau, and to join the Saxon-Bavarian line at Werdau. 

From Hanover three trunk lines issue, all of which are in 
operation : one directed to Bremen, following the right bank 
of the Weser ; another by Celle and Luneburg to Harburg, on 
the left bank of the Elbe, opposite Hamburg. 

The third trunk proceeding from Hanover, being the con- 
tinuation of the great line from Berlin westward, strikes the 
Elbe at Mindeui and is continued by Hamm and Duisburg to 
Cologne. This line throws off several branches. One which 
proceeds from Minden, and which is in progress, will pass 
through Osnabruck and Lingen to Emden. Another proceeds 
from Hamm eastward by Padderborne to Cassel, where it is 
connected with the line'which traverses the duchies of Anhalt, 
and is continued to Halle, Leipsic, and Dresden. Another 
branch of this trunk line connects Hamm with Munster. At 
Dortmund the line forks ; one branch proceeding to Dusseldorf 
by Elberfeld, and the other to Dusseldorf by Duisburg. At 
Cologne this unites with the Belgian railways, which open a 
communication to the ports of the Netherlands and to the 
French system of railways. 

The progress of the construction of the Germanic railways 
for the last five years, including those which iare merely pro- 
jected, as well as those which are in progress or' contemplated, 
is exhibited in the following table : 



Table showing the Progress of the Bailways in the Germanic States 
daring the Five Years ending December 31, 1849. 


RAILWAYS. 

Completed and in operation _. 

In process of constraction . 


1845. 


1847. 


1849. 


Miles. 

1,568 

2,917 


Miles. 

8,828 

2,138 


Miles. 
4,542 
800 


Total completed and in process of constraction 

Decided to he constracted and sanctioned by the 
state ^ 

Total constracted, in progress, and decided on 

Projected or contemplated, but not finally decided 
on or sanctioned by the state 

Total constructed, in progress, sanctioned, and 
contemplated 


4,505 


4,966 


5,342 
3,114 

■ 

J 


m m 
m m 


1,299 


6,265 
1,921 


8,186 


8,456 
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Id order to present a complete view of the present state of 
the railways constructed and in progress in the Germanic States, 
I have collected in the following table the i^ilways classed as 
they are in operation, in progress, or merely projected, according 
to the most recent documents. The lengths assigned to the 
lines open and in progress are generally exact, being taken from 
official reports. The lengths of the lines projected are in booM' 
cases taken only from measurement on the maps and char^. 
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Table showiog the Railways of the Germanic States, distinguishing 
those which were in operaticm, those which were ia j^gress, tauSi 
those which were projected bat not commenced in 1649. 



RAILWAYS. 



Altona— Kiel 

Branches to Gluckstadt and Rendsburg . . 

Amsterdam— Rotterdam — Arnheim 

Annaburg— Bochnia J. 

Arnheim— Duisburg 

Arnhoim — Zwolle 

Augsburg— Ulm 

Bamberg — Francfort-onrMaine 

Bavarian Railway (Lindau—Hof ) 

Branch : Augsburg— Monich 

Berlin— Hamburg 

Berlin— Stettin— Posen 

Berlin — Dantzic 

Berlin— Potsdam— Magdeburg 

Berlin— Kothen — Bernburg 

Berlin— Breslau 

Branch : Handsdorf— Glcigau 

Breslau— Fribourg , 

Branch : Konigszeit— Scnwednltz 

Breslau— Kozel 

Breslau— Bromberg 

Brieg — Niesse 

Budwois — Gmiinden 

Canstadt— Esslingen 

Cassel- Francfort-on-Maine 

Cologne — Duisburg 

Cologne— Herbestal 

Cologne— Bonn 

Constance to Alexandria by Splugen 

Copenhagen— Roskild — KeiBoer 

Delfzyl— Meppel— Arlingen 

Dresden— Lobau — Zittau 

Dresden— Prague 

Dusseldorf— Dortmund 

Dusseldoli^Maestricht 

Flensburg- Rensburg — Husum , 

Francfort-on-Maine — Wiesbaden 

Franefort — Hanau 

Francfort— Soden > 

Franefort— Fribourg— Efringeu 

Branches : Baden— Kehl 

Gendserndorf— Pesth 

Giittingen — Cassel 

R* 



> « ■■ 



Leogth of LioBii 



Covplflted. 



65-5 
100*0 






288-4 
37-4 
1760 
184-90 

giho 

109-6 

241-3 

43-75 

35-6 

5-75 

78-0 

810 

1220 

6-3 

390 

53-30 

18-4 

200 

^-1 
200 
341 



25-3 
250 
10-0 
224-5 
25-0 
570 



la progresfl. 



lOOK) 



130K) 



^• 



60-0 



740 



M. 



Projaet«dr } > v ' 






. » 



70-0 
40-» 

49D 
93(H) 



SkH) 



1820 



SOOH) 

50H) 

1000 



7M 
65-0 



98-0 



RAILWAT KOONOHT. 



K.1LW.T. 


LMsa.fL^ 1 


C.mp)<»d. 


ut«,t«>^ 


Trj»4»L 




i 

40-5 
3»S 

E 

7*5 

vta 

in-o 

400 
«-0 

300 

is 

2500 


9M 


10811 

MKI 

WO 
WD 

no«- 

9INH) 

wo-o 
4M) 

BO-O 
MO 












Hanover— Unrturg , 




























Xoibeck— HimbuiK— Kiel 














gdg^:::;:;;::;;;:;::- 


















Pre-burg-TyimB 


















WOnwoliurg KiUlvray (HelllmiBa — SlBngsrd— 


Total 


«4*» 


800-0 


3.14-0 
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The proportioQ in which this extent of railway commuDica- 
tion in operation, in progress, and projected, to Jan. 1, 1847, 
was shared among the several States of Germany (excluding 
the kingdom of the Netherlands), is shown in the following 
table : 



Table showing the Proportions in which die G-erman Railways on January 
1, 1847, were distributed among the several States. 



Austria 

Prussia 

Duchies of Anhalt 

Kingdoip of Saxony 

Saxon Duchies.. .. 

Bavaria 

Wiirteraburg 

Grand Duchy of 
Baden 

Grand Duchy of 
Hesse 

Nassau 

Free city of Franc- 
fort 

Electorate of Hesse 

DucJiy of Bruns- 
wick 

Kingdom of Hano- 
ver 

Schauiberglippe. . . 

Free cities of Ham- 
burg, Lubeck, and 
Bremen 

Duchy of Mecklen- 
burg 

Duchy of Holstein 
andLavensburg.. 



Open. 



Miles. 



725-60 
1,141-60 

52-20 
178-16 

13-92 
15117 

24 33 

16114 

34-90 
23-70 

5-80 

■ • 

75-80 
59-50 

9-28 

46-40 

124-50 



2,8280 



In progress. 



Adopted. 



Miles 

per 

Cent of 

total 
Length 



25-62 
40-54 
1-85 
6-32 
0-49 
5-33 
0-86 



Miles. 



231-39 
572-50 

149-70 

44-10 

448-00 

149-70 



5-66 ! 35-80 



1-23 
0-84 

0-20 



2-58 
2-10 

0-34 
1-64 
4-40 



4410 
3-48 

10-44 
179-80 



155-70 
J5-59 



2-32 

9510 

9-28 



100-0 2,138-0 



Mile* 

per 

Cent, of 

total 
Length 



Miles. 



10-79 
26-65 

6*98 

2-05 

20-70 

6-98 

167 

2-05 
017 

0-49 
■8-46 



7-29 
0*73 



0-12 
4*44 
0-43 



1000 



160-0 
628-34 

4-64 
88-10 
44-10 
32-48 



40-06 

3-62 

6-63 

246-93 



44-10 



1,299-0 



MUes 

per 
Cent, of 

total 
Length. 



12-41 
47-91 

6-'36 
6-84 
3-41 
2-52 



3-15 

» • 

6*'28 

0-51 

1919 



3-42 



100-0 



Contemplated. 



Miles. 



BCOes 

per 

Cent of 

total 
Length. 



296-00 
778-23 

9-28 

18-53 

831*80 

118-20 

124-00 

2-32 
74-30 



18-54 
6050 
80-30 



1,921-0 



15-30 
40-56 

0-48 

OW 

17-28 

6-16 

6-45 

0-12 
3-86 



s .. 



0-96 
3-62 

4-18 



100-0 



The German railways have been constructed in some cases 
by companies, and in others by the gdvernment. Those of the 
grand duchy of Baden, the kingdoms of WQrtemburg, Bavaria, 
and Hanover, the empire of Austria, the duchy of Brunswick, 
and the principalities of Hesse, have been, with a few excep- 
tions, constructed and are worked by the States. Even in the 
few cases where the construction of particular lines was con- 
fided to companies, the governments have generally redeemed 
them. 
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In Prussia, the Stjite has abstained from any direct iDterfer- 
ence with the construction or working of the railways, but has 
extended encouragement to the private companies by whom 
the extensive system of lines which cover its territory has been 
executed. In cases whore the traffic did not offer sufficient 
encouragement to stimulate private enterprise, the government 
has extended its aid, either in the shape of subvention, or by 
taking certain shares in the line, or in guaranteeing a minimum 
rate of interest on capital. The government, however, reserves 
a power of redemption at the end of thirty years, on the con- 
dition of paying to the railway proprietors a capital equal to 
twenty-five times the average amount of the dividends enjoyed 
by the shareholders for the preceding five years. The State 
would, in that case, assume the responsibilities and debts of the 
company, but it would at the same time take possession of their 
entire assets, as well as the reserve fund. The State engages 
meanwhile, not to permit parallel and competing Hnes to be 
constnicted. The government also retains a power of control-> 
hug the tariff. 

Constructed w^ith a view to a traffic comparatively limited, and 
rosombling closely in their commercial conditions the roads of 
the United States, the German railways have been constracted, 
in general, on principles analogous to those which have been 
found to answer so well in America. The vast expenditure for 
earth-work and costly works of art. such as viaducts, bridges, 
and tunnels, by which valleys are bestridden and mountainB 
piorced to gain a straight and level line in the English syBtem, 
have not been attempted : and the railways have been carried 
more nearly along the natural level of the country, the cost of 
earth-work having been generally limited to that of short cuttings 
and low embankments. Curves of compariatively short radios 
have also been admitted, so that the railways might wind along 
those levels which would offer the most economical conditions 
of construction. 

The following table will illustrate the general cbaracten of 
the lines as to gradients and curves, compared with those which 
prevail in England : 



OHBMAM EAUJWAVI. 



disnts of >teepM Aocli^ilieB, siul Che escopticwiil Cotvea of jhoftor 
OulLai, wbero (hey ootor. 


.™.^„.„. 


:>r»li... 


R^^C™ 




tn- 


a- 


^ 


^■rr 


Baden BilLmir (Hsohelm 
-Francfofl) 

NUweobeij-Flicih 


300 

1» 
«s 

ISO 
fiOQ 

1*0 

no 

1 


so;>) 

Si 

■■ 


oa? 

l-o 
0-8 


]■' 

eso* 

ICOOO 
3Mt») 


I.lnB ■iMolDlaiv M^Hlgtll. 

Uli»mlHzHwack<4lv 
hompona. 

-.sr-r-"" 

(') On tlH ScbwsMidtt 

(*1 B«Lr-ieUiiEPlue. 

(') iDdined plime. 

ja} Al Ali-la-Obspglle 

ClAlLripilrrtUtoB. 

(")AiLhene.wam. 
CtAiBugbaifMUIn. 












Bmllo-PoUdim. 


DliiHlilruf-Blbureld ... 
CDlogna-Boiglso fronflor 

LeipiLc— Dresden 

aura.-BBYnrUin 


BmnswlcK— Hanbuif . . . . 
Fnuicfcrl— Wiwbsileii' '. '. '. 



In the fivst and third Bolomns of dita table an ghon the cli>r- 
acteristic or preTeiliog gradientB and radii; and in Hu aecoad 
and fourtb colnmoa are giTen tfaoM which oecnr onlj ezcaption- 
allj, wbera tbe character of the gronod rendered Aem inavita'- 
ble. In some cbbsb, u, for azampls, In the Bsetion of ijta rail- 
way cooBtnicted from Bmoawick to Harburg, on the left bank 
of the Elbe, faciQg Hambarg, the preralllDg gradient If I'ia 
166 ; bnt in one aecCion of thii line extAidiog orer a diitanoe of 
atiout five miiaa, being the flection between Hamburg and the 
BtBtioo of Weineubarg, there ii a MiiM of fnUUratiiriikih Tuy 
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{rom 1 in 100 to 1 in 50. No practical difficulty, however, is 
encouDtered in the regular working of this part of the line by 
locoinotires without assistant endues. TraiDB of an avenge 
gross weight of sixty or s^enty tons are drawn over this section 
by locomotives whose weight does not exceed eighteen tooB, 
having six coupled wheels of 4 feet 9 inches diameter. 

In some cases, where circumstances favor the expedient, 
self-acting planes are resorted to. An example of this ocean 
on the railway between Dnsseldorf and Elberfeld, where a 
descent of a mile and a half toward Elberfeld occurs with a 
gradient of 1 in 30. At first this plane was worked by a Bti- 
tionary engine and endless rope. This, however, was boob 
discontinued, and the traffic of the line has since been worked 
in the following manner. The descending train, accompanied 
by its engine, is attached to the upper part of the endless rope, 
and the ascending train, also accompanied by its engine^ at the 
same time to the lower part. Both engines condnae to work, 
the one ascending and the other descending ; and the one train 
arrives at the top of the plane, when the other train arrives it 
the bottom. Thus the two engines are made to co-operate in 
drawing the ascending train, while the weight of the descend- 
ing train aids in the operation. The regularity of this proceei 
requires that the trains moving in different directions shoold be 
read}' to start from the top and bottom of the inclined plane at 
the same moment. 

Accidental delays in the movement of the trains are subject 
to interrupt this ; and to meet such exigencies a reserve engine 
is kept with its steam up at the top of the incline. When a 
train, being late, arrives at the bottom of the plane, and requires 
to ascend it without the aid of a descending train, the reserve 
engine at. the top of the plane is hooked on to the endless rope, 
and descending in this manner, co-operates with the engine at- 
tached to the train, and draws it up to the top. In this way 
the regularity and continuity of the service is maintained. 

The economy of construction of the Grerman railways is 
further promoted by the conditions observed in the construction 
of the lines. Although a sufficient quantity of land has been 
invariably purchased, and earth-works and works of art, in most 
cases, constructed of sufficient width to lay a double line, one 
line only has been made, except in the immediate neighborhood 
of great centres of population and industry, where a traffic sof- 
ficient to employ a double line might be counted on. 

The gauge of the railways, with one or two ezceptioos, is 
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the same as that which is generally adopted in Englabd, that is 
to say, 4 ft. 8X in. between the inner edges of the rails. The 
form and weight of the rail varies according to the traffic, -and 
to the varying judgment and discretion of the engineers. ■ Rails 
consisting of simple iron bars nailed down on longitudinal planks 
of wood, such as have been extensively a4opted in America, 
have been used in some cases, among which may be mentioned 
a section of the Vienna and Glognitz Railway, the section first 
constructed of the Leipsic and Dresden line, and a mineral 
line in Austria worked by horse power, between Budweis, 
Linz, and Gmunden. On the Leipsic and Dresden lines, these 
have been removed and replaced by heavier rails, ftod it is prob- 
able a like change has already taken place in the rails on the 
Vienna and Glognitz line ; so that the only German railway on 
which this system of iron bars is used as rails is at present the 
mineral line above mentioned. 

A rail of the form used on the Great Western Railway, rep- 
resenting an inverted U, supported on continuous bearings, and 
connected by transverse sleepers at regular intervals, has been 
adopted on four lines of railway in Germany, viz., the Baden, 
the Berlin and Frankfort, the Magdeburg and Leipsic, and the 
Upper Silesian lines. On the two last, however, they have 
lately been removed, and now are continued only on the two 
former railways. 

The single and double T rails have obtained more favor, and 
are adopted, in one form or other, on several of the Ger- 
man lines ; but the form of rail which is most 
prevalent is that which passes in Germany under 
the name of the American i*ail, the transverse 
section of which is represented in the annexed 
cut. 

In the following table (see page 400) is exhibited the details 
of the construction of the principal German lines. The letters 
in the first column indicate the form of the rail. That which 
corresponds to the rail on the Great Western Railway is ex- 
pressed by W, the single T rail is expressed by T, and the 
double T rail by TT. 

The form represented in the preceding section is expressed 
by A, and the flat iron bar by B. In the second column is rep- 
resented the inclination of the table of the rail inward ; and in 
the third and fourth its length and weight. The weight of the 
chairs is exhibited in the next two columns ; and in the succeed- 
ing column the nature of the supports of the rails is denoted. 
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la the firet of these colamna, the latter L indicateB loDgitadi- 
nal and coDtinaous bearinga, S tranHrerae alaepers at regulated 
disEaoceB, D atone blocka, and T L implies longitadio*] con- 
tinuous beeringB with traaaverae ties at regulated diatancei. 
In the laat column of the table is giveD, where it could be ob- 
tained, the play allowed between the flaagea of the wheels and 
the inner edge of the rEils, which varias according to the curreB 
admitted on the lines : 



^lulBdl— OUianlL 

BldUi NDTtbfltn 

Upper eil«liin... 

BmLDU— PrlbDiuf 

BerllD— Francttot 



Msfdebnn— H nJ Mnadt ■ 
UiiBelclDr^ELberTel d . . . . 

CoJutfue— Bono 



jicfptl— WlmbMlon 



1^ I ^' 



,U iv- 



The cost of constructioD of the aystem of QermaD railwajrs 
ia, as might be expected from these and other local circDm- 
stances, incompnrablj lees than in other parts of Europe, and 
frill Dot exceed in a canaiderable proportion that of the railwayi 
of the United States. I have given in the ibDawing table the 
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estimated expense of the coDStruction of the railways, obtaiaqd 
from the most authentic sources, up to the year 1847 : 



Table showing the estimated Cost of Constroction of the Railways of 
the Germanic States completed, in Progress, and Projected. 


Railways. 


Lines constracted by 

the State. 


Lines constmcted by 
Companies. 


Totals and ATerages. 


Totid Cost. 


Cost per 
Mile. 


Totid Cost 


Coat per 
Mile. 


Total Cost 


Cost per 
Mile. 


ComDleted 


X. 
10,080,858 
16,992,867 

7,844,844 

5,828,571 


12,554 
14,624 

12,038 

11,631 


20,507,539 
11,335,531 

6,Q!Z4,301 

13,758,676 


10,122 
11,613 

9,387 

0,689 


30,588,397 
28,328,398 

13,919,145 

19,587,215 


10,813 
13,203 

10,715 

10,186 


In Droeress 


Adopted but not com- 
menced 


Contemplated but not 
adopted 




40,747,140 


13,069 


51,676,047 


10,197 


02,423,187 


11,280 



It appears from the preceding statement, that the capital 
absorbed by the railways which had been completed up to the 
date of the reports we have quoted, which are the most recent 
we have obtained of an authentic and exact character, was at the 
average rate of something less than d£ 11,000 per mile ; but it is 
probable that these lines had not yet absorbed their full amount 
of capital. It appears further, that the estimated expenses of 
the lines in progress were greater than those which had been 
executed, being at the average rate of upward of d£13,000 per 
mile. We shall probably not depart widely from the truth, 
if we estimate the entire extent of railways in the German 
States, constructed and to be constructed, at the rate of «5613,000 
per mile, including in that amount the cost of stock as well as 
the cost of construction. This rate of expense is scarcely one 
third of the cost per mile of the English railways. 

The expenditure of thirty millions, which had been made 
previously to 1847, had been spread oyer nine years, being at 
the average rate of three millions and one third per annum, 
2828 miles of railway having been then completed. In the 
three years ending 31st December last, 1720 miles of additional 
lines had been opened, being at the average rate of 670 miles 
per annum, which, being estimated at o612,000 per mile, would 
give an annual expenditure by the German States of ^£6,800,000 
per annum, being just double the average annual expenditure 
of the preceding nine years. It is, however, to be observed 
here, that although the average expenditure of the nine years 
preceding 1847 was only three millions and one third, yet the 
chief part of this expenditure had been incurred within the last 
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foar of these nine years ; and, consequently, it is probable that 
the entire rate of expenditure in the three years ending 3lst 
December, 1849, did not on the whole much exceed the aver- 
age annual expenditure of the years immediately preceding. 

The comparatively low rate of cost of the German railways 
has arisen from several causes, some of which we have already 
indicated. The absence of expensive earth- works and works 
of art, while it caused a considerable diminution of the cost of 
construction, might be expected to create difficulties in the 
working of the lines. Nevertheless, the German engineers 
were reassured on this subject by what they had witnessed in 
several parts of the United States, and more especially on the 
line which connects Boston and Albany. They did not, there- 
fore, hesitate to admit a system of gradients and curves, where 
the character of the country rendered it necessary, which are 
nowhere seen on the railways of England, France, or Belgium. 

The low comparative cost of construction of the German rail- 
ways was also influenced by the low price of the land occupied 
by the lines and stations, the low price of materials, and the 
low rate of wages of manual labor. In order to render manifest 
how far these causes operated, I have exhibited, in the follow- 
ing table, the average cost per acre of the land, and the average 
wages per day of the laborers employed in earth-work on the 
principal lines : 



Table showing the average Cost of Land per Acre, and tihe average 
Wages of Earth-work Laborers per Day on the principal Gherman 
Railways. 


Railways 


Cost of Land per 
Aero. 


Wages of Laborers 
per Day. 


Baden 

Upper Silesia - .._. 


£. 
1430 
47-0 
69-2 
630 
460 
53-5 
700 
95-5 
530 


d. 

14-5 
7-8 

15-6 

130 
15-6 

9-5 


Berlin — Francfort 

Anhalt 


Berlin — Stettin 

Maerdebnr&r — L eipsic. .............. 


Dusseldorf— Blberfeld 

Cologne — ^B elj^an frontier 

Saxon — Silesian 

Nuremberg — Furth 



It would be important to ascertain the proportion in which 
the cost of constrnction of the German lines has been shared 
among the different heads of expenses, such as the cost of land, 
the road structure, the stations, and the stocLi;. I have not been 
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able to obtain, in every case, cooiplf^te .data for this purpose; but 
in the following table the expenses of construction and stock of 
several of the principal lines are exhibited under their respective 
heads : 



Table showing the Cost of Constraction per ranning Mile of each of the 
principal German Railways, with the Share of the total Expenses as- 
signed to each Heart. 



Railways. 



Baden 

Nuremberg — FCirth .... 
Munich — Augsburg. . . . 
Austrian Northern . . . . 
Berlin — Frankfort-sur- 

Oder 

Berlin— Stettin 

Berlin— Potsdam 

Berlin— Kothen 

Magdeburg-Halberstadt 

Bonn— Cologne 

Saxon — Bavarian 



Surveys 
and Land. 



£. 
1,445 

829 
1,042 

745 

920 

550 

1,940 

607 

616 

1,965 

1,085 



Earth- 
work, 
Works of 
Art, and 
Fences. 



£. 
3,478 

163 
3,485 
2,030 

1,365 
1,770 
2,110 
2,020 
650 
885 
3,850 



Road 
Structure. 



jC. 
2,625 
1,800 
2,966 
3,190 

2,272 
1,835 
2,760 
2,485 
2,170 
2,118 
1,854 



Stations, 
including 
Purchase 
of Land 
for them. 



£. 
1,957 
438 
318 
642 

1,178 
750 

2,222 
582 
733 
839 
990 



Stock. 



£. 

1,983 
593 
810 

1,092 

1,384 
975 
3,300 
1,052 
895 
1,610 
1,248 



Direction 
and Man- 
agement. 



jC. 

276 

354 

434 

104 

399 
388 
194 
304 
299 

303 



Total. 



£. 

11,764 

4,177 

9,055 

7,823 

7,518 
6,268 
12,526 
7,050 
5,273 
7,417 
9,330 



The sufficiency of single lines for the maintenance of the 
traffic generally throughout the German States will at once 
suggest the fact, that the amount of the traffic is small com- 
paratively with that which prevails on the English and some 
of the continental hues. The mode of working the traffic has 
generally relation to its amount. On the single lines, sidings 
are provided, as in America, at convenient intervals, and trains 
proceeding in contrary directions run into these, the first which 
arrives waiting for the passage of that which is about to meet it. 
No practical inconvenience ensues from this, since the traffic 
does not require the frequent departures which are necessary 
upon English, French, and Belgian railways. On the German 
railways, three departures per day for passenger trains, and one 
or two for mixed trains of passengers and goods, are generally 
sufficient. 

In passing from railway to railway under the administration 
of di^erent companies, or through the territory of different 
states, the passengers are generally obliged to change carriages ; 
but arrangements are in most cases made, by which they may 
book their places and obtain tickets to their ultimate destination, 
so that no further payment of fare or examination of luggage is 
necessary. Thus, at the Berlin station of the Anhalt railway, 
tickets and baggage may be booked for Brunswick, and the pas- 
sengers will then be carried through without further trouble, 
except occasionally changing carriages. 
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On the German railways there are, Hff on those in England, 
three classes of passengers, the first, second, and third, and in 
some cases even a fourth class, with corresponding degrees of 
accommodation in the vehicles of transport; but no such chuwifi- 
cation prevails as to the trains. There are no express, or first 
and second-class trains, as in England, distinguished from third- 
class trains. Passengers of all the classes are indifferently taken 
in each. 

There are mixed trains, by which goods and passengers are 
indifferently carried, and in general these only take goods. On 
a few railways, however, there are trains exclusively devoted to 
merchandise. The <* mixed trains*' on the German railways, 
mean those which carry passengers and goods indifferently. 

In order to show the movement of the trains which generally 
prevails on the German railways, I have exhibited in the follow- 
ing table the number of each kind running daily in each direc- 
tion, on fifteen principal railways. In the first colamn is indi- 
cated by the letter T such as nu through from terminus to 
terminus over the entire length of the lines, and by the letter I 
such as ply to intermediate stations. The numbers in the other 
columns indicate the number of those respectively which start 
from each station daily. 



Table showing the Number of Trains daily which depart from each of 
the Termini of the nnder-menticmed principal German Hailways, dia- 
tin^shing those which go from Terminus to Terminua fnm tiiose 
which ply to intermediate Staticwis. 


Railways. 


Indication of 
Distance. 


Number of Tnlot. 


Passenger Trains. 


Billed. 


Goods. 


Altona— Kiel 

Berlin^Hamburg 

Berlin — Stettin ........... 


T 
T 

I 
T 

I 

T 
I 
T 
I 

T 
T 
T 

T 
I 
T 
T 
I 
T 
I 
T 


S 
2 
2 

4 
3 
3 

2 

• 

3 

3 
2 
1 
1 
2 
2 
3 
6 
2 




1 

1 
1 

m 

1 

1 
1 


B erlin — Magdebnrg - 

B erlin — K.otnen. .......... 


Magdeburg — L eipsic 

i» ^ . >» ...... 

Halle — Bisenach ......... 




Brunswick — Hartzbarg... . 

L eipsic — ^Dresden. 

L eipsic — Reichenbach 

Berlin — Breslau 


Breslan— Myslowitz 

Cologne — Hamm 


Manheim — ^Fribourg 

»f It ...... 

Vienna — L eipsic 
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It will be seen fVom this table, that, in general, on the German 
lines the number of trains daily in each direction does not exceed 
four. The railways which form exceptions to this are short 
lines diverging from chief cities, such as Vienna, Berlin, or 
Ltoipsic, which serve as excursions for the population of these 
towns, analogous to the Greenwich, Blackwall, and other short 
lines diverging from London, or the Versailles and St* Germaia 
lines from Paris. 

When railways in the German states were first brought into 
operation, considerable difficulty was encountered in obtaining 
locomotive power and carrying stock, and engineers were sent 
by their respective governments to England and America, for 
the purpose of obtaining the information, and making contracts 
for engines and vehicles of transport. 

A considerable stock was soon obtained, and a still greater 
number were ordered. Before the end of 1845, 237 engines 
had been delivered by the principal engine- builders in England, 
of which 168 were supplied by Messrs. Stephenson of New- 
castle, and Messrs. Sharp and Roberts of Manchester. Upward 
of 30 were then under order in England, but not yet delivered, 
57 engines had been obtained from the manufactory of Messrs. 
Norris of Philadelphia, 43 from the Belgian manufacturers, and 
2.5 from Messrs. Meyer and Co. of MuUhouse, in France. 

The senior partner of Messrs. Norris of Philadelphia was 
induced to remove to Germany, and to establish a factory of 
locomotive engines near Vienna, f^om which a considerable 
number of engines have already been obtained. 

The expense and disadvantage of importing soon, however, 
stimulated domestic talent and industry; and there are now 
established in Germany several extensive factories for the con- 
struction of locomotive engines, among which may be mentioned 
those of Messrs. Kessler at Carlsruhe, Hirschau at Munich, the 
factory of the Vienna and Glognitz Railway, that of Mr. Norris 
at Vienna, the Wyener and Neustadt factory near Vienna, that 
of Borsig at Berlin, and several others of minor importance at 
Berlin, Magdeburg, Aix-la-Chapelle, ChemnitE, &c. 

Before the end of 1845, 125 engines had been delivered from 
the German factories, to which a large number has since been 
added. 

In the following table are shown the dimensions of the engines 
generally used on the principal German railways : y 
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Table showing the Dimensions of'the Locomotiye Engines used on die 

principal German Railways. 



Diameter of cylinders 

Stroke of pistons 

Diameter of driving-wheels . . . 
Diameter of supportiog-whecls 

Diameter of trailer 

Lengtli of boiler 

Number of tubes 

Internal diameter of tubes . . . . 

Fire-box, len^fth 

„ breadth 

height 

Heating surface of fire-box . . . 

Heating surface of tubes 

Total heating surface 

Weight of engine 



Baden. 



Jl. in. 
13 
18 
5 6 
8 7 
8 1 

12 

150 
1*6 
3 2 

3 2 

4 
60 sq.ft. 

765 „ 
825 „ 
18 tons. 




6 
3 
3 
12 



in, 
13 

24 


7 

4 
4 



121 
1-6 
3 10 
3 6 
3 10 
57^ sq. ft. 
658 „ 
7154 „ 
17*2 tons. 



Baruku 



AtMtrilL 



Ji. *!. 


Ji. ta. 


12 


13 


84 


25 


5 


4 2 


3 


2 7 


8 4 


3 8 


9 


IS 6 


HI 


115 


1-60 


2^ 


54 sq.ft. 


594 sq.ft. 


463 „ 


775 „ 


617 „ 


8344 n 


V^MMM, 


17 tons. 



Table [B] referred to in page 407. 



Table showing the Magnitude and average Cost of tbe Yehiclefl 
Transport nsed on the principal German BAilways. 



of 



Designation of Yehiclea. 



Passkngkr Stock. 

Foiur-wheeled carriages— 1st class 

It „ 2d class 

«, „ 3d class 

Six- wheeled carriages — 1st class 

n » 2d class 

it „ 3d class 

Six-wheeled do. 1st class 

n }f 2d class 

M „ 3d class 

Eight-wheeled American do.— Ist class. 
„ t* 2d class. 

n » 3d class. 

Goods Stock. 

Four-wheeled baggage-wagons 

Six-wheeled do 

Four-wheeled goods wagons uncovered 

Four-wheeled do. covered 

Six- wheele<l do. uncovered 

Eight- wheeled do. covered 

Eight- wheeled do. uncovered 

Horse-boxes 

Carriage-trucks 

Eight- wheeled cattle-wagons 



No. of 
Places. 



Goat of Con- 
■troctkm. 



18 
30 
36 
32 
40 
40 
48 
60 
60 
70 
70 
120 

Ctipacity. 

TVru. 

4-5 

7-5 

4-5 

4-5 

7-5 
12-5 
12-5 



276 
217 
166 
346 
287 
285 
485 
338 
279 
545 
473 
982 



113 

181 
69*6 
77-0 
90-5 

811-0 

281*0 

111 
89 

260 



Coat per 
Fkoe. 



15-3 
7-24 
4-6 

10-8 
7-17 
5-9 

10-1 
5-64 
4-66 
7-8 
6T5 
2-78 

Coat par 
Ton. 

35-2 

24-2 

15-4 

171 

1325 

24-9 

21-0 
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The vehicles of transport for passengers and goods on the 
German railways are very various. 

Passenger carriages similar to those used in England, Bel- 
gium, and in France, are adopted on many German lines. 

The passenger vehicles used in the United States, already 
described in Chapter XII., are also extensively used. These 
carriages measure from 25 to 35 feet in lengjli, and accom- 
modate from 70 to 120 passengers. The goods wagons, of 
like construction, are capable of carrying upward of twelve 
tons. 

There are also passenger vehicles supported on six wheels, 
and consisting of six compartments, each, first-class compartment 
accommodating eight, and each second or third-class compart- 
ment accommodating ten passengers. 

In the Table [B] (see page 406) are given the dimensions, 
capacity, and cost of construction of the several classes of 
vehicles for the transport of passengers i^nd goods on the prin- 
cipal German lines. 

In order to show the movement of traffic in passengers and 
goods on the German railways, I have obtained such official 
returns as have been published for the year 1646, which is the 
latest period for which returns have been made. These are 
given in the following table; the passenger and goods traffic 
being distinguished, and the quantity, mileage, and receipts of 
each class being given : 



Tabular Analysis of the average daily Traffic in Passengers and Goods 
on the under-mentioned German Railways during the Year 1846. 


Railways. 


Length. 


Passenger Traffic. 


Ooods Traffic 

* 


Number 
of Pas- 
sengers 
booked. 


MOeage. 


Re 

ceipts. 


Num- 
ber of 

Tons 
booked. 


Mileage. 


Re- 

ceipta. 


1. Altona— Kiel 


65-50 

14200 

G300 
8100 

90-00 


1,084 

6,230 

1,108 > 
1,254 i 

937 


24,635 
82,013 

37,140 

51,520 


77-5 

258-0 

5 67-5 
J56-3 

I860 


220 

275 

60-0 
550 

1330 


4,550 
23,850 

j 5,740 

10J50 


X. 
72H> 

189-0 

) 27-4 
i 18-0 

98-0 


2. Baden — Manheim — Fri- 
boiir?. 


3. Bavarian : 
(Munich— Donauworth) . 
Nuremberg — Neumarket) 

4. Berlin— Anhalt : 
(BerUn-Kothen) 
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iUJ-Wl 


L™ph. 


.™^T^. 


.....^ ] 


HmriMr 






2S"r 


























:x3: 


Ha-r^ 


<*(.». 


^ 


1>3«W^ 


ni.l« 










^■ 














a,iB 


13'4 




SOS 


»a 


6. BBrtla-Pouaun-Mag*. 
















IIUT^ 








1094 




a,uo 


le^ 
























43300 

S1,K0 






5,430 




8. Braini»iikHiliw«!;i;: 




iImo 


68-0 






















4135 


045 


13,MU 


49-0 


1,«^^ 


3,510 


33-0 


10. CnlogM-Sliii ion': 


„.S3^t,ai::: 


SB'OO 




IMM 


-is-s 




WO 








11,4711 


■47-8 


lii* 


3,130 












w 


4»S 






13. Hiuuburg— Bcifcdnif . . . . 






4;fl00 


15-S 
























HI)d»lMlni— CellB]...i 


7100 


1,040 


SB,2M 


TlH) 


IW-O 


4,145 


30-8 


15.AuitrliinNDnlien.:' 
















IB. LoHMic— Umden 


iseoo 


9,018 


00,340 


33&0 


-«s-o 


31,840 


3B»1> 






44,650 


1H-D 


ISfi-D 


11,700 




IT. I^railnlan: 
















Kdtalfiin-GatUU) j 


gUNU 


1^ 


4S,190 


]S»0 


TO-O 


8,450 


mm 




lASO 




13-0 










1,000 


asogo 


lOM 


]«□ 


M80 


lOlD 


n.An.lriiui8ui«B>UMy 


















1«M 


1,090 


aa,4O0 




3iH 


8.JS0 




Olnmu-Preuue) 


ISSM 




3f.,3«l 




iai-0 


10,640 


1»0 


n. EbenlshlklJway: 


so-so 


314 




ll-fl 


»0 




o-s 




»30 








SSM 


i8,«a 


i»« 


n. BuiDn-llaTnrUii: 


















65'50 


835 


83,350 


Wo 


IfiBS) 


7,100 


88-0 


40-30 




B500 


aw 




1,854 




as. Tauniu"Kiulw«y ; 
















(Frimerart— Vnealndm) . 




2,180 


28,150 


SB-O 






10-3 


S&Ttenon-Glogniu: 


















49-90 


3,350 


4B.7a0 


am 


*m 


'ffl 


93-0 


K™llS-S°ri.;kV;.:::::: 


ar.Willlnm'.Ksllwiy: 
















(RnHl-ItaUBbac) 


lOTO 




1,3S6 


8-8 




348 




SSTiT 


ao.Toe 


T7B,CJ4 a»i-i 


380(H) 


178,863 


19IS-7 



From the reaulta of tbia table we chd deduce tfae annga 
distance over which each passenger and each ton of goodi 
was carried, the average receipts obtained per bead or par ton 
booked, and the average receipts per head or per ton p«r 

TbeSA are eslubited in the foliowing table : ' 
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Table showing the average Distaoce cairied and the average Receipts 
obtained, per Head or per Ton per Mile, from the Passengers and Goods 
transported on the principal German Railways ander-named daring the 
Year 1846. 



Railways. 



Altona— Kiel 

Baden — Munheim — Fribourg 
Munich— Donuuworth .,..'.. 
Nuremberg— Neuniarket . . 

Berlin— Anhalt 

Berlin— Hamburg 

Berlin— Postdam- Magdeburg 
Berlin— Stettin— Stargard . .. 

Brunswick Railway 

Breslau — Schweidnitz — Fri- 
bourg 

Cologne— Minden 

Dusseldorf— El berfeld 

Gluckstadt — Elmshorn 

Hamburg— Bergedorf 

Hanoverian Railway ....... 

Austrian Northern 

Leipsic — Dresden 

Lower Silesian 

Nuremberg — Furth 

Breslau— Myslowitz 

Austrian States 

Olmutz— Prague 

Rensburg — Neuminster 

Rhenish Railway 

Saxon — Bavarian 

Saxon — Silesian 

Taunus Railway 

Vienna-Glognitz (trunk line) 

Vienna — Brack 

William's Railway 



General averages . 



Passe ogers. 



Average 
Distance 
traveled 
per Pas- 
senger. 



Mites. 

22-7 
132 

! 15*75 

'550 
330 
20-7 
354 
14-5 

24G 
9-75 
11-75 
7-20 
8-9 
21-3 
450 
33-6 
29-7 
30 
331 
24-2 
45-6 
16-3 
22-4 
280 
220 
130 
14-5 
11-2 
10-5 



19-6 



Average 
Keceipts 
per Pas- 
senger 
booked. 



17-2 
10-0 

12-6 

47-5 
25-3 
17-9 
26-8 
10-6 

170 
9-8 
11-8 
5-4 
70 
161 
400 
28-0 
29-8 
21 
22-9 
24-2 
47-2 
13-2 
24-8 
21-5 
18-4 
10-8 
34-5 
11-2 
16-2 



Average 
Receipts 
per Pas- 
senger per 
Mile. 



18-5 



d. 

0-75 

075 

.0-80 

0-87 
0-75 
0-86 
0-75 
0-75 

0-69 
1-OQ 
100 
075 
0-80 
075 
0-89 
0-83 
100 
0-64 
0-69 
100 
103 
0-81 
111 
0-77 
0-85 
0-83 
100 
100 
1-56 



Goods. 



Average 

Di!>tance 

carried 

per Ton. 



0*93 



Milet. 

20--7 
87-0 

500 

81-0 

31-6 

> . . 

15-4 

13-9 
41-0 

IK-3 
740 
70-0 
69-0 

32*^ 
39-5 
580 
14-6 
31-0 
37-6 



32-0 
17-6 
13-9 



46*4 



Average 
Receipts 
per Too 
booked. 



d, 

780 
1650 

94-0 

172-0 

1^0 

• • 

480 

5S^Q 
15-6 

470 
2220 
1610 
213-0 

15CH) 

118-0 

1730 

570 

590 

860 

112-0 
960 
53.0 
530 



Average 
Receipts 
pef Ton 
per Mile. 



1310 



3-80 
1-90 

1-90 

212 
^-80 
9-16 
3-80 
211 

3-10 
4-20 
4*20 
3-80 

Shil 
3-0 
2-3' 
3-1 

3-8 
3-0 
2-9 
3-9 
1-9 
2-3 
2-3 

3-6 
30 
30 



2-6 



It will be observed f in these results of the passengior traffic, 
that the average receipts per passenger per mile very little ex- 
ceed the tariff for the third-class passengers. This is explained 
by the fact that the third class constitutes a very large proportic^D 
of the entire number of passengers booked, a much larger pro- 
portion than prevails on the railways worked in the western 
states of Europe. 

To demonstrate this, I have given in the following table the 
proportion of each class of passengers booked for the principal 
German railways : 

S 
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Tabulau Analysis showings the Number of Passengers belonging to 
" each Class iu every 100 booked ou Sixteen of the principal German 
Kailways. 



N ii rem berg nnd Fiirth 

Vienna and GUtgnitz 

Hn'sinu and Opeln 

ItrcKlHU and Fribmirg 

Deri in and Frnncfori-sur-Oder 

Berlin and Btetiin 

Herlin und Potsdnni 

Hcrlin and Kothen 

Magdeburg nnd Leipsic 

Dudscldort' and Elberfeld \. 

Bonn and Cologne 

Cologne and IlerlK'iital 

Leipsic und Dresden 

NiirenilHrrg and Hot' 

Hamburg and Bergedorf , . 

Froi^cfurt and Wiesbaden 

General averages 



IiCCImi. 



3-48 
ft-98 
1-10 
1-00 
0^ 
1-80 
816 
2*88 
1-80 
2i)0 
308 
13-74 
3-32 
0-72 
0-70 
1-65 



3-60 



SdClu«. 



34-37 
35 54 
15-55 
14-00 
17-93 
26-89 
23-84 
31-44 
32-55 
17-74 
33-09 
35-08. 
19-70 
11-64 
9.68 
11-38 



32^40 



3dClius. 



72-21 
flO-18 
83-35 
85*00 
81-10 
71-31 
68-00 
65*68 
75-65 
80-36 
63-33 
51-18 
76-98 
87-64 
89113 
87*13 



74-00 



TotaL 



lOODO 
lOOiW 
lOOiK) 
100^ 
100-00 
100-00 
lOOHX) 
100-00 
lOQrOO 
100-00 
100-00 
100-00 

iQO-ua 

100-00 
100-00 



100.00 



It follows, therefore, that there are not foar passe ngera io 
every hundred on the German railways that take the first-^class 
places, nnd that 74 per cent, of all the passeogers bdoked belong 
to the third class. 

The following are the average fares chargeable per mile on 
the three classes of passengers on the German lines : 

4, 
1st class .,, ■ i'52 

2d class 1*13. 

8d class 0*79 

The following are the average tariffs per mile for oUier objects 
of transport on the German railways: 

Carriages 8*1 

Horses , . , 5-0 

Cattle per head 1-56 

Sheep per head 0*18 

Groods: ^ 

Not classed per ton 6'B5 

1st class 3.47 

2d class 2*53 

3d class 2'4t0 

The traffic on the German railways, as elsewhere, is subject 
to variation arising from local circumstances. 

This variation is shown in the following table 10 which the 
gross receipts per mile of railway and per cent, of capital in tho 
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four 7e4n tarminatiDg Slat December, IMS, oa alj 
priDcipal German niilwaya,' are given: 



Tabc.e showiDg Che nvHrBga aeceipta per Uila and per Cent, of Ciat of 
aeiilve Yam Boding Daoombor, 1840. 


^.„, 


ib»X| 


>l(l«H:l>crRi.JI-V. 


R«.-.iju,p,..C«lnfC.pittI. 1 


ISO. 


IB4f. 


184J- 


i&ie. 


1643. 


leM. 


184s. 


1840. 


Vtanm— GlBgnIB 


1.89a 
soe 

iS 

i,<Ma 

1,370 


1,M0 

1 

i.'ues 

1,3» 


lioM 
1,018 


SOD 

7B0 
I.KSS 

l!lMO 
1.3S0 

«Q0 


1 -96 
IS-JO 

T-ea 


1*35 
13'W] 

7-38 
ll-M 


ifrdO 

8'-»7 

&«■ 

7M 
IfrOU 


3d-SS 

11 m 

is-ao 
10^4 

a.35 

8IM 
4-48 


ISi'*"ito!toi° 


SSSsii 


ColOBiHi-HertiMrai 

Irflluic-OnndeD 

Fmiofbn-mSbBdaa,.. 



I here obtained exact retnra* of the gross recet[ila ba upward 
of two thouaaod miles of ell the railinjs open in the German 
States in the j'eare 1B45 and 1646, later^thaa wbich there are do , 
pubUahed retaros. The reoBlts 6C theae reporta are aa foUawa: 

TotBllengUiorrailWBjBtowiiobthe *«»■" »»* 

remrna rafer ilOti 2,348" 2JZB 

Gross reoeipis dei,433,061 2,049,481 

Receipts pec mile o{ railwaf 612 7^ 

Reocipta per cent, of capital, takiiif; ' ,~ '^'-■ 

cost of constrnolioo at d£l2,500 . . . -* 

per mile 4'J( ' -B'O 

It appears therefore, that, althougli apon loms few of thd meat 
frequooted of the railways the raceipta bear a eanaiderabla pro* 
portion lo the coat of coostructioq, yet oa the arerag« of^e 
whole the; did not, according to the laat returna, esceed 6 pef 
cent. 00 the capital expended. The propor^n in wtji^ tiiej 
hare beea prodoced by pasaeDger aad gooda trelBe tiaa been, an 
an average, io the ratio of 61 per cent. Irora ^MMengerf, and 30 .x'.. 
per cent, from goods. '''^ . ~.' .g 

I hnvn Dot been able to obtain" exact rytnma'of. a Wj mu g «'.''*■ .< 
pensea, more recent than 1644- In the folio wii^l^tBlfi gtrsn 
the details of these expeosea, together With their .Tatio to -the 
gross receipts, for eighteeii of, the priuoipil Sbm far that jrear: 
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Id the followiDg tsble I have showD the receipts, ezpenseB, and 
profits on eighteen of the priQcipal Germ ui rati wsjs as compared 
nith the length of railway worked, and hare calculated the pro- 
portJoQ per ceat. borae bj the expeaafls to the receipts, sad b;^ 
the receipts and proliCB reBpectivelj to the capita). 



T.iDLiB AiiLiiii ihowlBg Ibe Becrtpu. Eipsiii», ud PMIti compiLref wUh 1 


^.„. 


R—ipu. 




F««»- 1 


55: 


Pi^L'mt. 


sz 


zc 




s: 


SST 


NliremtarB-FOnh 

Vjenna-Qlogntu 

Aumrian Nonlnni 


487 
MO 

are 

1 

685 


24-7S 

13-80 

15-50 
8-70 

lOW 

s-sa 

9-S3 


428 
970 

340 
348 

«n 

filO 
48* 

34fl 


63-0 

M-8 

S! 

43-3 
87-0 

ti 
4M 


S17 
S33 

3Bt) 

i 

080 


50^ 
45-0 

S34 

1? 

33fl 

»e 
an 

SI 

48-8 
4»'0 


13^ 

s-ao 
3-)(r 
e-ST 

T-sa 

»80 
B« 
MT 
9-30 

i 


SsS":::;:: 




Fnidcfon—Wlei laden. . 
A.Brii,«... 




U-7 1 «(5 
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In order to Bboiy the general moTemeDt of the traffic on the 
German railways in the same manner as baa beeo already done^ 
OD nilwBja elBewhore, I have collected in the following table 
the data ahowing tbe move me at of the traioa, their stoppages, 
and average speed : 



Tabular AN»t.»ai! of IheMoyement of the TrafBc on the priucipsl Ger- 

ClasB of T™iD8,-N-B. An svenee Loi. of Five MmtM ii rilowed 
lor ench Sloppiwre, oxoept in UBrticqlur Caisi where a greBtar Delay 

ID coniins to Rest, sod gattine up Spead. 


BHi-.I. 


ss 


T.m« 


wS. 




sii""°' 




1750 
BSJ-O 

11 


11 30 

330 

a 30 


as 
e 

13 

iS 


!S-00 

SS'OO 

30T0 
»3'70 

n-10 
15-no 


S3'50 
S3<0 
B150 

aiw 

MM 

as-OD 

£4-50 

30 SO 

II 

•H-no 










Bariln— Sfatttn 




















Beclln— Lelpslc 

TotBla uid nvemgoi 


a».s 


IHiS 


.» 


■"■■" 


W-a, 



CHAPTER XX. 

RAILWAYS IN RUSSIA, ITALY, AND SPAIN. . 

Of the railways in operation, in progress, and contemplated 
in other countries, a brief notice will suffice. 

Russia, carried along by the tide of public opinion in Europe, 
found herself compelled, by a due regard to the interests of her 
people, to consecrate a part of her exertions and her capital to 
the construction of the new lines of communication. An Attempt 
was first made to attract private capitalists to these projects, and 
special advantages were offered to companies who might be dis- 
posed to undertake the construction of the lines of railway con- 
templated in Russia. The emperor, besides guaranteeing to 
the shareholders a minimum profit of 4 per cent., proposed to 
give them gratuitously all the lands of the state through which 
the railways should pass, and to place at their disposaU also 
gratuitously, the timber and raw n^aterials necemsLry lor the 
way and works which might be found upon the spot. It was 
further proposed to permit the importation of mils and' the 
rolling stock free of duty. Russian proprietors also spontapeons- 
ly came forward, and not only agreed to grant such portion of 
their land as the railways might pass through gratuitoui|ly, but 
further to dispossess themselves temporarily of their serfs, and 
surrender them to the use of the companies on the sole condition 
that they should be properly supported while employed. 

By a special ukase, dated February 13, 1842, it was decreed, 
that the railway which was to unite the two capitals of St. 
Petersburg and Moscow should be constructed exclusively at 
the expense of the State, in order to retain in the hands of the ' 
government, and in the general interest of the people, a line of 
communication so important to the industry and the internal 
commerce of the empire. The local proprietors equally agreed 
to surrender to government gratuitously the lands necessary for 
the works of this line. 

The system of railways contemplated in Russia is composed 
of five principal trunk lines, one of which, connecting Warsaw 
with Cracow, is completed and in operation, and has been already 
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noticed in the last chapter, io connection with the German rail- 
ways : the length of this line ia 168 Jniles. The second will 
connect Warsaw with St. Petersburg: the extent of this would 
be, when executed, 683 miles. The third will connect St. 
Petersburg with Moscow ; this lino is in active progress : its 
length will be about 400 miles. 

Besides these, authorization was given to a company by a 
ukase dated July, 1843, to construct a railway for the tranapoi*t 
of goods between the Wolga and the Don, the length of which 
would be 105 miles. 

In the actual execution of this magnificent system of railwajT* 
communicjition, no considerable progress has been yet made, 
wirh the exception of the line already mentioned /between War- 
saw and Cracow. 

A short lino of railway connecting St. Petersburg with Tsar- 
koe-soela, having an analogy to the Greenwich and Richmond 
lines, which diverge from London, and the Versailles and St. 
Germain lines from Paris, was completed and opened for traffic 
in April. 1838. The traffic on this line has hitherto amounted 
to about seven hundred passengers per day. 

The railway connecting the Don and the Wolga was opened 
for traffic in 1846; but this line is exclusively for merchandise, 
and is worked by horses. 

In southern Russia a line of railway is projected between Kief 
and Odessa, the surveys of which have been made by Belgian en- 
gineers ; but no progress in its construction has yet been effected. 

A railway has been projected also between St. Petersburg and 
Cronstadt, and another between St. Peteraburg and Baltisbporty 
in Esthonia, to be constructed and worked by a company with 
a guarantee of four per cent, by the government. 

In Italy a few short lines of railway only have been executed, 
connecting the chief states with neighboring places. They are 
as follows : 



Miles. 

Naples to Portici, opened Oct. 1839 5 

Portici to Castelmare, with branch to Nocera 211 

Naples to Capua 23^ 

Milan to Treviglio ' 18 

Milan to Monza 12 

Venice to Vicenza 40 

Leghorn to Pisa 12^ 

Florence to Empoli, Ponte Dera, Pisa, and Sienna .... 

Pisa to Lucca and San Salvador 

Florence to Prato <..... 10 J 
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In the kiugaom of Sardioia, railways exist as yet only ie 
prospect. It is iotended to carry two lines from Turin, one 
directed on Genoa by Alexandria, and the other on Milan by 
Vercelli and Novara. The political distraction9, howe?er, of 
the last two years have suspended these projects. 

In Spain only one railway of eighteen miles in length, con- 
necting Barcelona with Mataro, has been oonstructed. Others 
have been projected and oven conceded to companies, the prin- 
cipnl of which is that between Madrid and Valencia. The 
political distractions of the country, however, have suspended 
all such projects. 



CHAPTER XXI. 

COMPARISON OF RAILWAY TRANSPORT IN DIFJEUBNT 

COUNTRIES. 

Having investigated in the preceding chapters the conditioni 
of railway communication in the different countries of the globe 
where this species of locomotion has been adopted, we shall 
now bring into juxtaposition the results of our calculations, and 
show the comparative progress which different people have 
made in this important art, and distinguish what has been 
actually done from what is in progress and likely to be ac- 
complished. I shall not notice here the projects which exist 
only in contemplation, many of which will probably never be 
executed. 

In making such a comparison it is especially necessary to con- 
sider not merely the length of railway reported to be in opera- 
tion or in progress, but the capital which has been invested in its 
construction ; for two lines of communication receiving the com- 
mon denomination of railways may differ from each other ex- 
tremely in their utility and value. Such a line of commanica* 
tion as that which connects, or lately connected, Portsmouth 
(Virginia) with Weldon (North Carolina), and that which con- 
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nects LoDdon aud Birmingham, both receive the common name 
of railway, nearly in the same manner as a log cabin of a Mis- 
souri settler and the palace of Blenheim receive the common 
,denomination.of ** dwelling-house." The most exact measure of 
the relative utility or efficiency of two lines of railway is their 
/ cost. It is not, however, to be forgotten that, even in adopting 
this test, regard must be had to the relative cost of land* mate- 
rial, and manual labor. 

The extent of railway communication, a,nd the expense of its 
construction, may be compared either with th^ population to 
whose commerce it is appropriated, or to the territorial extent 
of the country through which it is carried. 

^In the fbllowing table I have given, according to the most 
recently published reports, the population, the extent of terri- 
tory, the extent of railway open and in progress, and the capital 
invested in the one, and to be invested in the other in those 
countries where railways have been established. 



Table showing the Population, Extent of Temtory, and Extent of BaU- 
way in Operation and in Progress, in the several Countries of the 
World where Railways have been constructed. 


Ccfontries. 


PopoUttion. 


Extent of 
Territory. 


Popu- 
lation 

Square 
Mile. 


Extent 

of 

Railway 

open. 


Extent 

of 
Railway 

ijn 
ProgresK 


Capital ia- . 

▼e«te<l in 

Railways 

open. 


Oapital to be 

invested in 

Railways in 

Progress. 


1 

United Kingdom 
Gerniaoic States, 
iacluding Den- 
mark and Hol- 
Ifuad 


27,019,558 

45,753,640 
17,104,615 
35,400,486 
4,335,319 
54.092,300 
47,696,338 


Sg. Milet. 
121,050 

268,548 
1,642,536 

204,708 

11^256 

1,892,478 

312,774 


2230 

1700 
10-4 

1730 

382-0 
28-6 

1520 


Milet. 
5,000 

4,542 
6.565 
1,722 

457 
200 
170 


MUet. 

4,500 

800 
200 
1,189 
300* 
470* 
470* 


200,000,000 

96,775,000 

52,000,000 

45,812,000 

8,000.000 

3,000,000 

3,000,000 


190,000.000 

f 

io,ooe,ooo 

2,000,000 
15,350,000 
3,600,000 
7,500,000 
8,300,000 


United States... 
Franee 


Belgium 

Russia 


Italy 


Totals Ac averages 


231,313,256 


4,453,350 


520 


18,656 


7,829 


368,567,000 


146,750,000 



* Statisticlies Jahrbuch fur 1847, von Karl Augiut MuUer: Leipslc, 1848. 



The data supplied by this table will enable us to compare the 
length of railways and the railway capita] of each country, with 
its population and its territory. This is done in Uie foUowiog 
table. 
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Coimtriei wtiiuh poaiRis Ihom. 
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1 


Si 
IF 


1 


1 


1 


Lug Denmark »nd U<.l 


uu,.. 

Him 

3B4-00 

1 




7-400 

l-9lft 
3-05U 




afrSD 


14-11 


040 


lO-W 












T.„......™™. 




9>a 




_B3^ 


m^ 


lOU-DO 


IMOO 


WMO 



Some of the results of this tnble are very reroarkablB. 
In tlie proportion which tlio length of railway bears to thi 
populatioD, the aeveral countries stand in the faLawiog order: 

1. United Stales. 5. Franee. 

2. United Kingdom. 6. RusMS. 

3. Belgium. 7. Italy, 



Id the proportion which the length of railway bears to th« 
exteot of territory, tbeae couatries stand in the following order: 

1. United Kingdom. 5. United States. 

2. Belgium. 6. Italy. 

3. Gormaaio Staiei. 7. Rossis. 

Id iha proportion of the railway capital to the popiiklioa^ die 
foliowing is the order in which they stand : 

1. United Kingdom. 5. Germanio Stales. 

S. United States. 6. Italy. 

3. Belgimo. 7. Russia. 

In the proportion which the railway capital bears to the ex- 
tent of territory, the folIowiDg is the order : 

1. United Kingdom. 5. United States. 

2. Belginin. 6. Italy. 
8. Frame. 7. Russia. 

e States. 
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The following is the order in which they stand <with reference 
to the actual length of railway open : 

1. United States. 5. Belgium. 

2. United Kingdom. 6. Russia> 

3. GFermanic States.^ 7. Italy. 

4. France. 

And the following is their order in relation to the capital ex- 
peuded in railways : ^ 

1. United Kingdom. 5. Belgium. 

2. Geiteanic States. 6. jRussia. 

3. United States. 7. Italy. 

4. France. 

While the total length of railway in operation in the United 
States exceeds the length opon in the United Kingdom in the 
proportion of about 4 to 3, the capital invested in railway com- 
XQunicatioD in England exceeds that invested in the United States 
in the ratio of about 4 to 1. 

It will also be observed that, of the aggregate amount of cap- 
ital invested in railways in all the'countries of the globe, Hogland 
possesses more than the half, or 54 per cent. ; while the length 
of railways constructed with this capital is less than 27 perx:ent., 
or little more than one quarter of the aggregate length. 

This will exhibit, in a striking manner, the superior efficiency 
of the mode of construction in England. 

Of all the railways in progress in every part of the world, 
more than the half, or 57^ per cent., are in England ; and of 
the entire amount of capital to be invested in these, about 68 per 
cent, is to be invested in England. 

It appears from the results of the preceding tables, that the 
entire amount of capital acttially invested io railway communi- 
cation in all the countries of the world is three hundred and 
sixty-eifht millions and a half; and that with this, upward of 
eighteen thousand six hundred miles of railway have been con- 
structed, and that the capital to be invested to seven thousand 
eight hundred miles of railway in progress will amount to nearly 
one hundred and forty-seven millions. 

It would have been desirable to have exhibited a comparative 
view of the average movement of the traffic upon the railway's 
in operation in differemt countriof at a corresponding epoch. 
Unfortunately we have no documents to enable us to do this 
with all the precision which might be wished. , I faave, however, 
collected in the following table as many data as are supplied by 
authentic documents for nearly correspondicif epoclMi. Thb 
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railways on which the traffic reported has been carried do not 
in geDornl iucludo all the lines open in the respective countries; 
nevertheless, they will afford some approximation to a compari- 
son of the extent of intercommunication by railway. Id some 
cases, also, I have been obliged to obtain the numerical results 
by estimation. These I have indicated in the table : 



Comparative View of tho Movement of the Traffic on a Portion of the 
Railways in oiieration in the United Kingdom, United States, Belgium, 
France, and Germany. 



Year reported 

Length of railway 

Average cost of construction and 
stock per mile 

Per mile of railway per day : 

Receipts 

Expenses 

Profits 

Expenses per cent of receipts 

Profits per cent, of capital 

Receipts per mile of trains 

Receipts per passenger booked 

Distance traveled per passenger...* 



Receipts per passenger per mile — 
Number of passengers per train .... 
Per cent of passengers booked : 

Ist class 

2d class 

3d class 

Receipts per ton of goods booked . . • 

Distance carried per ton 

Receipts per ton per mile 

Number of tons per train 

Average speed of passenger-trains in 
miles per hour : 

Stoppages included 

Stoppages excluded 



United 
Kingdom. 



1847. 
mUet, 
3U36 

X. 
40,000 

£. 
7-6 
30t 
4-6t 
40-Ot 
4-2t 

«. d. 

7 
2 

miUt. 
15-75 

d. 

1-54 
50 

13-8 
39-5 

40-7 

t. d, 
3 3-2 

rHUe$. 
22-5 

d. 
1-67 



24-5 
320 



United 
States. 



1847. 
miUt. 
1160 

£. 
9200* 

X. 

405 
1-89 
216 
40-8 
8-6 



7 
2 



d. 

5 
3 



mile$. 
18-2 

J. 

1-47 
54 

100 



5 



d. 

8-5 



mUe$. 
38 

d. 

1-8 

54-5 



15-Ot 



Belgiam. 



1847. 
miUt. 

353 

JL 
18,000 

JL 
4-6 
2-9 
1-7 

esro 

3-44 



«. 
5 
1 



d. 



6 



mtUu. 

22-6 

d. 

0-8 
75-3 

11 

24-0 

05 

JL d. 
5 2 

milea. 

43-8 

d. 

1*34 
33-2 



18-10 
94*00 



Fraoce. 



1848. 
milet. 
1090 

• 

JL 
26,800 

X. . 
530 
3-33 
1-97 
63-0 
2-06 

a. d. 
7 6 
2 1-75 

mtfef. 

24-9 

d. 

103- 
61-4 

T-O 
24-6 
68-4 



21-2 



GenxttBie 

StRtCft. 



1646. 
mUm, 
2304 

11,000 

JL 

8-16 

1-04 

1-18 

48-3 

^3-72 

•. d. 

1 .'c-n 

liMI 

d. 
0^ 



3-6 
92-4 

74-0 

■. d. 
10 1 

Mite; 

4IM 

d. 
»6 



900 
94-9 



* The average c(wt of the American railways taken edieetively per mile It ooly 
JC8129. Those to which the present report refers include amcmg them the dmmc ex- 
])enslve In the States. 

t The estimated limit, see page 263. } By ffHwffftnw 



CHAPTER XXII. 



4 



THE RELATION OF RAILWAYS TO THE STATE. 

Railways, when first brought into operation, were regarded 
as exceptional modes of conveyance, suitable to particular locali- 
ties and particular conditions of commerce and intercourse. As 
their powers were gradually developed^ it became evident that 
they were destined to play a more important part in the business 
of transport, and that they must ultimately become the general, 
if not the only means by which the internal movement and 
commerce of peoples, and even the intercommunication of people 
and people, would be conducted. Under this point of view, the 
question of their relation with the State became one of capital 
importance. 

Hitherto the public highways in all countries have been re-l 
gnrded as within the special domain of government. By gov-J 
ernment and by the legislature they were controlled and regu-l 
lated ; and it was natural, therefore, to conclude that the aame 
system of regulation and control must be extended to the new 
ways uf communication, by which they seem destined to be 
superseded. 

Between the common high roads, however, and the railways, r 
an important difference was not slow to unfold itself. The 
superintendence and control of the State over the highways had. 
been limited to their maintenance and superintendence, and to 
the regulation of their police. The carrying business conducted 
upon them was always in the hands of the public, and was regu- ' 
lated and controlled by the wholesome influence of competition. 

The operation of the same principle of competition was con-; 
tem plated in the infancy of railways, as is apparent from the 
provisions in the legislative enactments by which the companies 
have been incorporated. It was expected that the public ^sh ould ' 

* ^^^^__^____ jail m i I I •" ~- •• f ii-n f l "■ ^ " '■ ' ■ ■ ^f 

b(g^mitted to exercise the business of carrisra JipoQ. them, sub- 
ject ito^certain specified regulations andhxrlaws. 

It soon became apparent,"" n^ever, that this new means of 
transport was attended with qualities which must exclude every 
indiscriminate exercise of the carrying business. A railway, 
like a vast machine, the wheels of which are all connected with 
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each other, and whose movemont requires a certain harmony, 
can not be worked by a number of independent agents. Such 
n system would speedily be attended with self-destruction. The 
organization of a railway requires unity of direction and harmony 
of movement, which can only be attained by the combination of 
the entire carrying business with the general administration of 
the road. Hence it followed, as a necessary consequence, as 
has been already explained, that the companies originally estab- 
lished for the construction of a road only, became, in spite of 
themselves, the exclusive carriers upon it; and hence arose 
inevitably as many local monopolies of transport as there were 
separate and independent companies. 

This evil was speedily aggravated by amalgamation. The 
▼ery same principles and conditions which rendered it indis- 
pensable that each company should have the sole direction and 
management of the entire movement of transport upon its own 
line, rendered it scarcely less expedient that systems of lines 
running into each other should either voluntarily establish a 
code of regulations to secure their mutual harmony, or that 
they should coalesce so as to form fewer companies of greater 
magnitude. Both of these expedients have been resorted to* 
Lesser, placed near greater companies, have coalesced with 
them. A great number of small monopolies have, by the 
operation of the affinities of commercial interest, been drawn 
together, and have become a small number of great monopolies; 
and so indispensable has a certain unity of management and har- 
mony of movement proved to be to the efficiency of the entire 
system, that, where amalgamation has not been effected, the 
device of the Clearing-house has been invented to surmount, as 
far as is practicable, those difficulties which might arise from 
the absence of unity of direction and maoagement of intercom- 
municating lines. 

Such were the circumstances out of which sprung those 
colossal monopolies among which the territory of the United 
Kingdom is parceled out, and by which the entire internal com- 
merce, and correspondence, and personal intercoarse of its 
people are conducted. 

A great variety of relations have arisen ont of a like state of 
things in other countries, according to the local circumstances 
attending the form of government, and the social and c6nimer- 
cial condition of the people. 

In some the State has taken upon itself the entire charge of 
the construction and working of the railways. This is the oaae. 
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for example, in Belgium and Hanover, in some of the Northern 
Duchies, in the Grand Duchy of Baden, in Wflrtemburg, Ba- 
varia, and Austria. It is true that a few isolated lines in these 
several states had been conceded to companies before the great 
question of the relation between the State and the railways had 
been raised ; but these cases, besides being exceptional, have 
gradually been diminished in number by the governments re- 
spectively redeeming the property in the roads. 

In other countries, a mixed system has been pursued. Some 
railways have been constructed and furnished by the State, but 
farmed by companies on terminable and frequently short leases, 
the State maintaining a certain control regulated by the clauses 
of the leases. In some cases, the railways have been constract- 
ed and stocked by the companies themselves, who hold the 
property under a lease of more or less extended duration ; but 
still the State is represented in the administration of the railway 
by the presence of an agent, who is invested with almost onlim- 
ited control over the working of the lines. In France, this agent 
was established under the name of a Royal Commissioner, and 
one such functionary was nominated to form part of the admin- 
istration of each railway company. Besides this, the govern- 
ment appoints the police of the road, all these functionaries, 
however, of every grade, being paid by the company. On the 
expiration of the leases, the State is usually bound to reimburae 
to the company the estimated value of the movable stock at- 
tached to the establishment; and the company, on the other 
hand, is bound to sustain this movable stock in a satisfactory 
and efficient state pending the lease. 

In cases where the State has adopted the policy of leaving 
the construction and management of the railways to private 
companies, it has nevertheless intervened, by means of subven- 
tion or other encouragement, to stimulate private enterprise in 
those cases in which the lines run through tocalities where the 
commerce is deemed insufficient to produce the average profit 
on the capital invested. In different countries this object is 
accomplished by different expedients. 

In some, a subvention in money is directly given ; in others, 
the State takes a certain proportion of the shares, supplying 
the corresponding amount of capital on favorable terms; in 
others, the State guarantees a minimum amount of interest on 
the capital to be invested ; in others, the companies are favored 
by the free importation of stock and materials, by the gratuitoas 
use of the land, and by exen>ption from taxation. 
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The authority of the State is, in almost all cases, asserted, 
and in many periodically exercised. Thus a power of revising 
the tariiT at stated intervals, such as every three or five years, 
is often reserved. This is the case in some of the railway enter- 
prises in the United States. 

The case of the English railway companies is, in seTeral re- 
spects, peculiar. The spirit of the laws and traditions renders 
the State averse from interference in commercial enterprises, 
and somewhat reserved even in the exercise of that control over 
them, which would seem to be indispensable to the general 
interests. 

Powers of an unusually extensive and durable character were 
therefore readily granted to all railway companies in this coun- 
try, and monopoly after monopoly grew up, fostered by the 
legislature, and favored by the public. Monopoly, however, was 
not slow to develop some of its customary evils, and complaints 
and remonstrances followed. Abuses were signalized, and a 
reaction in public opinion was manifested. Railway directors, 
who had been previously the objects of unbounded laudation, 
now became the subjects of distrust and censure, and a general 
demand of some efficient system of control was put forth. 

This demand was opposed by railway directors and parties 
under their influence, who went so far as to deny the right of 
parliament to interfere with their concerns, assimilating their 
establishments to those of banks, insurance offices, dock compa- 
nies, and other industrial associations. These parties indig- 
nantly rejected all control, and even complained of the system 
of publishing periodical reports, partial and imperfect as it has 
been, which the law and public opinion has exacted from them, 
as a grievance. They declared that any interference with the 
affairs of railway companies, or any compulsory publication of 
their proceedings, or any report of the state of their financial 
concerns, is a violation of the rights of ctipital as gross and un- 
justifiable as would be the same measures if adopted in refer- 
ence to the mercantile transactions of Rothschild's, Baring's, or 
any other private establishment. They admit that government 
may so far interfere as to provide for the safety and conve- 
nience of the public in traveling. But beyond this, they de- 
nounce all legislative or State intervention in their affairs. They 
complain that the temper evinced by parliament and the press 
is such as ought to be directed only against the greatest enemies 
of social progress, instead of the promoters, as they justly enough 
claim to be, of one of the most signal instruments for the ad- 
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vaoceraeot of civilization that modern times have witnessed. 
Such a temper, they contend, must produce a correspondkig 
feeling on the part of railway directors ; and it is declared that. 
If snch a system of annoyance and improper interference be 
continued, it must result either in raising a spirit of opposition 
on the part of railway interests, which, considering the magni- 
tude of the property at stake, can not be lightly regarded, or 
inducing an apatJiy and indifference in the administration of rail- 
ways ; in either case being the cause of great injury and incon? 
venienpQ.tD the public. 

•'-"'To all this it is answered, that bodies which possefls the almost 
exclusive control of the intercourse of the country, including the 
conveyance of persons and goods, the service of the post-office, 
and the movement of the troops, have none of the qualities, and 
ought to have none of the privileges, attaching to private com- 
mercial establishments; that, therefore, it would be a great 
error to regard the British railways as speculations important ^ 
to none but the shareholders; that they,. on the contrary, involve 
interests public, political, and social, of the greatest magnitude ; 
that they have not been created, as the advocates of their com* 
plete independence pretend, by the unaided efforts of individuals; 
that they owe their origin and existence to the will of the legis- 
lature, expressed in their various acts of incorporation, and that 
to the legislature they must be held, in a peculiar degree, re* 
sponsible; that they have been intrusted with privileges and 
powers almost without precedent; and that, in fine, it is incum- 
bent on parliament to see that these powers are properly exer- 
cised, and to amend the laws which regulate them in sucf^ a 
manner as may from time to time be deemed expedient^.^'' 

It is further contended, that the duty of legislative interfer- 
ence is rendered more imperative by the enormous amount of 
money which railway companies have raised under parliament- 
ary authority.. Not only has a capital been raised amounting to 
a quarter of the national debt, which amount will be augmented 
by at least 50 per cent, within a short period, but loans have 
been obtained by the companies to vast amounts, under the direct 
sanction, and subject to the conditions, of special acts of parlia- 
ment. The debentures representing these loans, as well as the 
railway shares, are transferable from hand to hand with as 
much facility as the unfunded debt, with which they enter into 
direct competition. 

Of late years, moreover, the interests involved in railway 
property have assumed an importance which has introduced it 
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into marriage settlements, wills, and other family arrangements, 

■' almost as generally as the public securities. It would therefore, 

y it is contended, be preposterous to maintain that property of 

f such an amount and such character should be left to the uncon- 

f trolled management of bodies so fleeting and so little responaible 

I as the boards of nulway iUlP-^JSIIS.' 

It is further maintained by the advocates of government con- 
trol, that shareholders are a fleeting and mutable body, liberated 
from many of the responsibilities and obligations which attach 
to property of a more permanent character. A share-market 
has been created as well in the chief commercial towns as in the 
cnpitni, where transactions to an enorrkious amount take place. 
Not only are permanent investments made in railway* securities 
which have become matters of settlement, bequest, and inherit- 
ance, but large speculations are daily made, with a view to profit, 
by traffic in a description of property peculiarly liable to sudden 
and extraordinary fluctuations, fluctuations so extreme that the 
capital of a single railway has been known to fall in value within 
the brief period of two months to the amount of three millions 
'sterling. These violent and sudden variations in the value of 
j the securities of one railway produce sympathetic effects in all 
i the others, and always arise from the want of confidence enter- 
tained by the public in the representations made by the directors 
i of railway companies of their financial condition.* 

Since, however, the necessity of establishing an independent 
body, invested with definite powers to examine and check the 
railway accounts, is admitted by all persons beyond the imme- 
diate circle of railway directors, and those in their employment 
and under their influence, and even by some among those direct- 
01 s themselves, it will not be necessary to enter further into this 
discussion. It may be assumed that the establishment of such 
a controlling body is demanded by public opinion ; the only points 
to be considered being the authority from which its nominatioD 
must emanate, and the nature and extent of its powers. 

The appointment of such a body can only be made by the 
directors, the proprietors of railways, not being directorsi or the 
State. 

That railway directors should nominate the body which is to 
control themselves, would be an outrage on common sense, 
[- which public opinion indignantly rejects. 

The appointment of an eflicient and independent board of 

* Third Report of Select Committee of House of Loids, Jane, 1849. 
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control by railway proprietors, exercising its powers over rail- 
way directors, would be attended with many practical difficulties. 
The railway proprietors are a very numerous body, scattered 
over the country, and even over the world, varying extremely 
in age, sex, and condition. It is difficult to imagine how such a 
body could ever be brought into any real co-operation otherwise 
than by the agency and influence, direct or indirect, of the 
directors themselves. The body of proprietors have already 
nominated the directors, and must be presumed to have select- 
ed tlie individuals for that office whom they regarded as best 
entitled to their confidence. To call on the same proprietors to 
elect other individuals to be placed in a sort of antagonism to the 
former, and invested with powers to check and control them, 
would be to require them to place over those individuals, in 
whom they have manifested the greatest confidence, others, in 
whom they must necessarily have less. 

The impracticability of attaining such an object is in some 
degree illustrated by the effect of the system of audit hitherto 
pursued. It is well known that on the presentation of each 
half year's report, auditors are appointed by the meeting of 
shareholders, to examine and to ch3ck the balance-sheet. "The 
witnesses produced before the House of Lords, consisting of 
public accountants, eminent railway directors, and others, distin- 
guished by special knowledge on such subjects, were unanimous 
in declaring this system of audit to be destitute of all efficiency. 

Mr. Swift (says the report), a witness whose confidential con- 
nection with the Northwestern Railway Company gives great 
weight to his testimony, declared such an audit tp be "moon- 
shine against dishonest directors." Mn King, who had been 
secretary to two companies, said, the audit was ** a complete 
farce," to which he could not attach the slightest valn« or im- 
portance. Sir John Easthope declared that he could never 
consent to become a director aigain unless, an efifective audit 
were established, and that if such audit be not entirely inde- 
pendent of the directors, it would be better to have no audit at 
all. Mr. King said that a shareholder ought not to be an auditor, 
"inasmuch as it would place him in an kividieus position. He 
would, in some way or other, be connected with the directors, 
and would probably be chosen, or suggested, or recommended, 
by thorn to the shareholders." 

A board of railway control properly constituted would repre- 
sent, not the interest of the shareholders only, but that of the 
public ; and among the abuses which it would become its duty 
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to check, would be more especially those which affect that 
portion of the public who are not shareholders. The misappli- 
cation of capital and financial malversations, which have been 
already sometimes practiced by directors, having the effect of 
producing factitious changes in the marketable value of railway 
1 |i securities, of which changes the directors themselves, who thus 
brought them about, have largely availed themselves, are ex- 
amples of this. So far, then, as such a board of control yvould 
represent the interests of the public in general, as contradis- 
tinguished from those of railway proprietors in particular, it 
ought legitimately to derive its appointments and authority from 
the State, which represents the public. 

But, whatever may be the origin of such a controlling or 
auditing body, it is agreed on all hands that it must be perfectly 
independent of the directors in the exercise of its functions. If 
such independence can be shown to be compatible with any 
system of election by shareholders, no legitimate objection can 
perhaps be brought against it ; and it would, in such case, be 
exempted from those inconveniences which are supposed to 
attend such a body when deriving its nomination and authority 
from the government. 

Whatever may be the nature of the functions and limits of 
the powers to be conferred upon the body proposed. to be cre- 
ated for the control or audit of railway management, its objects 
may be briefly and clearly stated. 

They must be to supply railway shareholders, and the public 
in general (any of whom may at any moment become railway 
shareholders), with the means of obtaining an assurance of the 
honesty and of estimating the ability of the railway manage- 
ment. This object will be attained partly by the confidence 
which the jmblic may entertain in the persoiis appointed to 
compose such a board, and partly by the publicity which may be 
given to the accounts and proceedings of the railway managers. 

One of the objects most strongly insisted upon in the measure 
proposed in the House of Lords for an independent system c^ 
railway audit in the session of 1849, was to secure greater uni- 
formity and more detailed explanation in the system of fioancial 
accounts issued by the directors to the shareholders. These 
accounts naturally arrange themselves under the two head? of 
capital and revenue. 

It was proposed that the capital account should be twofold, 
or, to state it more correctly, a single account consisting of triple 
columns. 
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The first column would coosist of a clear and detailed. state- 
tneot of the amounts of capital which the company had been 
authorized to raise, stating the purposes to which these amounts 
respectively had been directed by the legislature to be applied* 

The second column would contain a statement of the extent 
to which the company had exercised these powers. It would 
state the amounts respectively which had been raised under 
each authorization, assigning them to their respective heads, 
and showing the purposes for which they were destined. 

The difference between the totals of these two columns 
would show the amount of the unexhausted power with which 
the company was still invested. 

The third column would contain a clear and detailed state- 
ment of the capital which had been actually expended, stating 
the objects to which it had been appropriated, and showing 
clearly that these objects were those for which parliament had 
authorized the capital to be raised. 

The difference between the totals of* the second and third 
columns would show the portion of the capital raised which had 
been still utiexpended. 

One of the abuses against which legislative interference had 
been invoked, was the misappropriation of capital by railway 
directors. This misappropriation was twofold. In some cases 
the directors would apply the capital which the company had 
been authorized to raide for one purpose to another, stilL, how- 
ever, being legitimately capital. Thus, capital authorised to be 
raised for the construction of a particular branch of the trunk 
line, would be applied to the purchase of steamboats, or to the 
improvement or construction of docks. 

Such proceedings involved a double violation of the spirit of 
the law. Not only was capital applied to a purpose not author- 
ized by parliament, but works, the construction of which was 
aaactioned by parliament, and ordered to be executed within 
a given limit of time, were left either incomplete or not com- 
menced. 

But the roost frequent and scandsdous misapplication of capi-J 
tal, whether considered in itself or its consequences, had beeul 
the appropriation of capital to the purposes of revenuot and] 
more especially to the payment of dividends. 

Kailway directors are usually large holders of shares, fre- 
quently obtained by allotment, and at a much lower rate than 
the current market price. 

Thus situated, they have a direct interest to raise >the mar- 
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ket, and to avail themselves of such elevation to dispose of 
shares. 

This object is accomplished by the misappropriation of capital 
for the purpose of swelling the dividends beyond the amount 
which they would have reached if paid legitimately out of profits. 

When H rise has been produced by these means, and the 
directors avail themselves of it, they dispose of their allotted 
shares at a large profit. This spurious price is of coarse only 
temporary, and the market soon declines. The deluded public 
loses precisely to the extent to which the directors and those 
in their confidence gain. Thus the fortunes of the widow apd 
orphan, and the accumulations of industry and thrift, are fraud- 
ulently transferred to swell the colossal fortunes of individual 
directors, who by such means suddenly rise from stations com- 
paratively obscure to almost fabulous wealth. 

It may be most truly replied, that proceedings such as these 
aro rare, that directors in general are persons altogether inca- 
pable of such malpractices, and that it would be unjust to stig- 
matize a large, respectable, and intelligent body of raeti, to the 
unwearied exertions and talents of many of whom the world is 
indebted for the successful issue of the most signal improvement 
of modern times, because of the misconduct of some individuals 
among them. To this it is answered, that unreserved and com- 
plete publicity of all the details of the management of the aflairs 
of each company can alone do justice to the respectable. and in- 
dependent majority of directors. Such a publicity will enable 
every one who possesses the necessary information to judge 
not only of the honesty but of the ability of the managementt 
and without such publicity there can be no test by which the 
public at large can know the integrity or skill with which any 
railway establishment is conducted. 

An intelligent and experienced witness, long connected with 
railway affairs, declared, before the Committee of the House 
of Lords, that practices of misapplying capital, such as had pre- 
vailed in certain cases, would lead at some period to ••total 
ruin, and in the mean while to great confusion, and an entire 
misapprehension of the value of each undertaking." 

Another said, that thero was *» no safety for bondholders or 
shareholders, unless the separation of capital from revenue waf 
observed, and that any deviation from it must fiilsify the ac- 
counts and deprive the public of the means of measuring the 
value of such undertakings." 

An experienced accountant stated, that under the preaeot 
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system ^^ there is no secttrity that capita] and iacome snail be 
kept distinct, and that the practical consequence is, that the 
purchaser who buys shares does so in ignorance of the true 
state of the company's affairs, and is led to give a higher price 
than the thing is worth, under the belief that the dividends 
declared come bond fide out of profits. Any balance under 
such a system, may be struck which may suit the purpose of 
the directors ; any dividend may be declare(], and the public 
may be deceived to any extent desired." 

'* If capital," says the Report of the Lords' Committee, "be 
unduly brought to increase income, or ordinary expenditure be 
unduly carried to the account of capital, the apparent balances 
may be varied at pleasure, a fallacious and fraudulent value may 
for a time be given to shares, greatly profitable to all proprietors 
desirous of selling, but leading to results fatal to the interests of 
the more important class who invest permanently ; for the sake 
of a deceptive present gain the value of the reversion will be 
sacrificed. Cases may easily be contemplated, and undoubtedly 
have occurred, in which the future profitable working of the 
line may thus be endangered, and the public interests connected 
with the maintenance of railways be placed in jeopardy, if not 
sacrificed."* 

To guard against this and similar abuses, shareholders have 
always had a certain power at reasonable times to examine the 
books of the company, but this power has proved, as might 
easily have been foreseen, illusory. It is not by individual 
shareholders going to a railway office, and demanding journals 
and ledgers, and running over their pages, that any real estimate 
of the state of the affairs of the company can be ascertained. 
This is a proceeding which individual shareholders will never 
be induced to undertake, nor, if they did, would any satisfactory 
result ensue. Practiced accountants alone can form a satisfactory 
estimate of the financial condition of the company, and even they 
could only accomplish this by an elaborate examination of the 
books; such an examination as individual shareholders could 
never effect by the means provided in the acts of incorporation. 

But whatever powers may be conferred upon the controlling 
or auditing body, and from whatever source it may derive its 
appointment and authority, its influence will be unavailing un- 
less the most ample and unreserved publicity be given to the 
details of the railway management, and with such publicity the 

* Third Report of the Lords' Committee, Xune, 1849. 
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task of the auditors or controllers will be rendered coraparatirely 
easy. Their duties will in such case be reduced in effect to 
more verification of the disbursements by the vouchers; for, by 
such means, the public at large would be converted into one 
great and unquestionable Board of Audit. Railway affairs would, 
in a word, be placed under the immediate operation of public 
opinion. Railway directors, instead of demanding, as they now 
do, half-yearly votes of confidence from their blindfolded con- 
stituents, would receive the intelligent approbation of a well- 
informed public. 

In all the discussions which have hitherto taken place on this 
question of railway control, a stress much too exclusive has 
been placed on the fidelity and accuracy of the report of the 
finaDcial condition of the company, as if the honesty and integ- 
rity of the management were all that could be required to satisfy 
the railway proprietors and the public. The degriee of ability 
and skill with which the affairs of the railway may have been 
conducted, seems to be wholly left out of view. This is a grave 
error. Honesty is happily a much more ordinary quality than 
ability, and there is much stronger ground for distrusting the 
skill shown in the management of the enterprise of a railway 
than the integrity of those to whom the management is con- 
fided. 

It is not, therefore, sufficient, for the satisfaction of public 
opinion, to publish an authenticated report of the financial con- 
dition of each railway company. 

Such details of its management must also be given as may 
enable all persons competently informed to form aq estimate 
of the skill and ability with which its affairs have been eon- 
ducted. They must be in a condition to judge whether the 
capital has been duly utilized ; but, to place them in this con- 
dition, a much more ample report of tiie business of the com- 
pany must be published than any which has hitherto been issued 
by railway companies in England, or even on the Continentv 
where the periodical reports are more detailed. The Belgian 
government alone puts forth a complete and satisfactory annual 
report of its management. We do not maintain that the expo- 
sition annually supplied to the public by the Belgian gotvern- 
ment of the administration of the State railways may not be 
susceptible of improvement, or that it may not contain some 
needless detail. It can not, however, be denied that it de- 
monstrates the possibility of placing the affairs of railway man- 
agement under the operation of public opinion. 
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The report shonld be annual, and not half-yearly, as is the prao 
tice in England ; because the traffic runs through its periodical 
phases, aifd completes them with the revolution of the. seasons. 
Half-yearly reports, therefore, supply imperfect infe'^ences ; 
and it is only by comparing two such reports successively issued 
that correct average results can be obtained. 

Whije I would therefore propose greater^amplitude in detail 
of the railway reports, I would suggest that they should be 
published annually and not half-yearly, and as soon after tf^e 
commencement of each year as might be practicable, giving the 
details of the management and working' of the railway for the 
preceding year* 

Such a report might consist of the firllowing heads : 

SECTION I. 

CONSTRUCTION AND STOCK. 

. Sums which the company has been empowered to raise.-' — Sums ac- 
tually raised under suoh powers .-r-Snms. expended, specifying in detail 
the objects to which they have been appropriated, :and the soUroes from 
which they have been derived. 

SECTION n. 

4 

EX>ENSES. ' • 

This section should pontain a detailed statiement of the current ex- 
penses of the management sind working of the railways, each class of 
disbursement being assigned to its proper head— rsuch as direction aiid 
management, way and works, locomotive power, carrying expenses, &o. 

SECTION III. 

RECEIPTS. 

This section shonld contain a detailed statement of the revenue of 
the company, assigning distinctly the amount of revenue proceeding 
from each object of traffic, such as passengers, distinguished By classes, 
baggage, parcels, horses, carriages, mails, and all objects carried bi 
passenger trains ; goods and live stock, classed according to their tt 

The receipts should also be stated according to the parts of the 
from which they have proceeded ; thus the amount received for 
dass of trafi^o at each station should be given. 

The receipts should also be classified according to the period of the 
year at which they have been realized, their amounts being separately 
stated for each successive month. 

In oases where a graduated tariff has ^been established, diminishing 
as the distance to which the objects of transport are carried is increased, 
the receipts should also be classified according to thedistances to wbiph 
the objects of transport producing them have been severally carried, so 

T 
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as to show the amounts of revenue which have proceeded from long 
traffic and short traffic. 

Such a statement is supplied in the reports of the Belgian railways. 

SECTION IV. 

THE MOVEMENT OF THE TRAFFIC. 

This section should contain a statement of the quantity and mileage 
of the several classes of traffic. Thus the number of passengers of 
each class hooked and the total mileage of each olass should be given. 
In like manner, the quantity and mileage of each object of transport 
conveyed by passenger trains, such as baggage, parcels, mails, horses, 
and carriages, should be stated. The comparison of the quaintity of 
these with their mileage would give the average distance over which 
each passenger and other object of traffic was carried. 

A like statement should be given for the various classes of goods 
traffic, showing in each case the quantity booked and its mileage. 

The quantity booked at each section of the line should be distinctly 
given, to show the variation of the traffic on different part^ of the rail- 
way ; and the quantity in each month, to show the variation of the 
tratfic according to the seasons. 

SECTION V. 

THE MOVEMENT OF THE LOCOMOTIVE STOCK. 

This section should contain a statement of the quantity of the looo- 
raotive stock, enumerating the engines with the \ciroumstances of their 
origin, construction, age, former services, and their current mileage. 
The distances run by each engine during the year should be stated, as 
well as the total distance it has run since first put upon the road. The 
consumption of fuel should be given, distinguishing that which ia con- 
sumed in lighting and getting up steam, and standing, and in proAtaUe 
work. The consumption of oil and other materials, and the cost of re- 
pairs, should also be given. All these details are supplied annually in 
the reports of the Belgian railways. 

SECTION VI. 

THE MOVEMENT OF THE CARRTINO STOCK. 

his section should contain a statement of the entire stock of vehicles 
ansport used during the year, distinguishing them according to 
es, and giving their mileages respectively. 

Iso a statement of the consumption of materials, cost of .repairs, &o. 

SECTION vn. 

MOVEMENT OF TRAFFIC COMPARED WITH MOVEMENT OF LOCOHOTIVl 

AND CARRTINO STOCK. 

By comparing the movement of the different classes of traffic with 
! he movement of the various classes of vehicles of transport to which 
they are respectively appropriated, we can obtain the aTorage kwd eai^ 
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ried by each vehicle, and by -comparing them with the movement of 
the locomotive stock, we can obtain the average load drawn by each 
Engine. Data are thus obtained by which numerous economical prob- 
lems of the highest importance can be solved. It is by these means 
that we can ascertain the extent to which the moving stock of, the rail- 
"way has been utilized. 

SECTION Vil. 

KECEIPTS AND EXPX1I8ES COMPARED WITH THE MOVEMENT OF THE 

TBAFFIC AND ROLLING STOCK. 

By this comparison maybe ascertained the proportion of the expenses 
chargeable to each class, and even to each individual object of traffic. 
By comparing such expenses with the receipts arising from each object 
<^ traffic, the profit or loss arising from each class of traffic can be 
ascertained. 

By this means a numerous class of important problems can be solved 
"which are intimately connected with the questions of the tariff, and by 
which alone the future tariff can be advantageously regulated. ' 

SECTION IX. 

THE MOVEMENT OF THE TRAFFIC AND. ROLLING STOCK COMPARED 
WITH THE EXTENT OF THE RAILWAY. 

The comparison made in this section would show the extent to which 
the railway itself has been utilized. It would indicate the proportion 
in which the traffic has been distributed over it, showing the quantity 
of profitable load as well as of dead weight which has been tran^)orted 
between station and station on every part of the line. This would also 
indicate the extent to which the local supply of traffic may have been 
cultivated, and would direct the attention of manages and the public to 
the itiU unsatisfied exigencies of the districts through which the rail- 
ways may be carried. ' ' 

It mast not be supposed that a report coQtaming details such 
as I have enumerated here, is either diffieult or impracticable. 

Many 6f them are regularly supplied in the annual reports of 
most of the continental railway companies, and all of them, and 
many others still more minute, are contained ip the annual rail- 
way report of the Belgian government. It is true, that the ex- 
isting arrangements of the English railways do not afford the 
means of recording some of these statistical |acts, but nothing 
would be more easy than to organize in this country, as else- 
where, the means of recording them. 

In order to show the extent to which the movable dtock of the 
railway has been utilized, it is essential to supply the means of 
comparing the movement of the rolling stock with the movement 
of the traffic. It is by such a comparison alone that the average 
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amount of loads carried by the different vehicles of transport can 
be accurately ascertained. This will be easily comprehended 
from the preceding part of this volume. 

If we know the distance which any class of vehicles of trans- 
port have traveled within the year, and also know the distance 
over which each class of objects of transport to which such vehi-* 
cles are appropriated have been carried, the comparison will 
immediately supply the means of ascertaining the average load 
carried by each vehicle, and this average load is the only expo- 
nent of the extent to which each class of vehicle has been utilized. 

To accomplish this it would be necessary to keep separate 
mileage accounts of the traffic and of the rolling stock. In the 
case of the traffic, its mileage can be immediately Ascertained 
from the record of the receipts, inasmuch as each sum received 
represents the transport of a given object to a given distaoce^ 

In the case of the vehicles of transport, the manner in which 
the mileage has been hitherto kept on continental lines is not as 
simple and satisfactory as could be desired. The places of de- 
parture and arrival of each vehicle are registered, and reports 
from the different stations are received, the comparison of which 
supplies the means of computing the mileage^ 

Nothing, however, would be more easy than to attach to each 
vehicle of transport a counter, which would become a iielf-acting 
register of the aggregate space over which each vehicle has run. 
These counters, when required in large numbers^, could be con- 
structed at a small expense.. Thoy are not liable to derange- 
ment, and would relieve the railway administration from thd 
clumsy aod expensive method of observing and registering the 
movement of the stock, and, in fine, would accomplish the object 
with greater certainty and accuracy. The counters, as com- 
monly constructed, run up to a million of revolutions of the 
wheels, which, with a wheel ten feet in circumference, would, 
in round numbers, extend to about two thousand miles. 

Similar instruments might be attached to the engines, by 
which a register of their mileage would be kept. In this man- 
ner an account recorded of the movement of the entire rolling 
stock would be obtained at a nominal expense, nothing more 
being necessary than to provide agents who would attend to and 
record the indications of the counters. 

The expenses, besides being recorded under the usual heads 
of direction, way and works, locomotive power, carrying ex- 
penses, 6cc., should also be distributed according to some prin- 
ciples such as those which have boon explained in Chap. XII., 
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so as to enable the managers of the road to ascertaia the cost at 
which each object of traffic has been transported. It is by a 
comparison of this cost with the^ tariff, that the profit arising 
from each object of traffic is ascertained. Data would thus be 
also obtained, hy which the miuiagers could ascertain what in- 
creased expense would be produced by any given increase of 
the distance to which each object of traffic is transported, and 
hence would arise the data necessaky for the formation of a 
graduated tariff, diminishing in its rate per mile according as the 
distances to which the objects of traffic irespectlvely are trans- 
ported are increased. 

These, and a multitude of other practical problems, involving 
the most important economical principles in nulway manage- 
ment will at once suggest themselves as arising out of the cir- 
cumstances here adverted to, and the solution of whieh would 
be altogether impossible unless data, «uch as those here de- 
scribed, could be obtained. 

No such data can be obtained, however, from the present sys- 
tem of railway accounts, nor is it possible for directors and man- 
agers themselves to obtain the means of solving such economical 
problems. 

Connected with each railway administration, a statistical 
bureau should be established for organizing and recording these 
classes of data.* Such bureaus are already established in con- 
nection with several of the best conducted continental railways, 
and although their operations have not been in all cases con- 
ducted so efficiently as could be desired, they are, nevertheless, 
attended with the best effects. 

It can not escape observation that, by the publication of such 
ample and detailed reports as I have here proposed, the func- 
tions of the board of audit, about which so much discussion has 
taken place, would be stripped of much of their invidious character, 
and less difTerence of opinion would prevail as to the source from 
which they might derive their nomination and authority. 

* The business of such a bureau, and indeed that of other depart- 
ments in the railway administration, would be materially facilitated and 
expedited by the adoption of " Fullee's CalctUating ScaUy*^ which is 
an improvement on t*he sliding rule, the uses and application of which 
it has enlarged so as to become almost a new instrument. In all statis- 
tical inquiries, where rates percentages and arithmetical reductions are 
necessary, it supplies the place of a table of logarithms^ and gives the 
results with much greater expedition, and with sufficient accuracy for 
all practical purposes. . , . 
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It is Bometimes contended that railways, being commercial 
companies, whose concerns affect only their respectiTe share- 
holders, publicity should not be exacted from them, and that the 
shareholders atone have a right to be informed of the affairs of 
their administration and management; but to this it may be 
answered, that nothing short of publicity can bring such inform- 
ation to the knowledge of bodies so large and fluctuating as those 
of railway shareholders. By what means, short of general pub- 
licity for example, could a body like the propriet6rs of the North- 
western Railway, acquire a clear, full, and satisfactory knowl- 
edge of the affairs of that vast enterprise ? 

Besides, it may be answered, the shares being matters of daily 
bargain and sale in the public market, every individual who may 
become a purchaser has a claim to a full knowledge gf the state 
of the affairs of the company into which he is about to enter. 

In fine, considering the questions which have been agitated 
for some months respecting the great railway enterprises of the 
country, in all their bearings and relations, no expedient appears 
so likely to remedy the evils which have formed the subject of 
universal complaint and remonstrance, to revive public confi- 
dence, and to restore railway property to its just value' in the 
public market, as a system of publicity such as is here recom- 
mended* 
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Engine, U7, 132 ; weight of augmented, 
58 ; passenger, 71 ; goods, 71 ; to aBcer- 
tain mileage, 73 ; can not be used indefi- 
nitely, 74 ; to determine average nmnber 
uf miles run by, after lighting, 75 ; num- 
ber lighted on Belgian railways, 75; 
on Orleans railway, 75 ; reserve, 76 ; as- 
sistant on bank, 76 ; number of times 
lighted on Belgian railways, 8S ; require 
tliree days a week for cleaning, 83 ; use- 
ful service of, on Belgian lines, 83 ; total 
annual and daily mileage on foreign rail- 
ways. 83 ; useful service of, on North- 
western, 83; fixed, 127; station, 134; 
stable, 135 ; number of passengers drawn 
by, 172 ; action of at high speeds, 178 ; 
relation between mllea^ of and receipts, 
262. {See Locomotive.) 

Engine drivers, distance driven by, on 
Northwestern, 85. 

ExiMiUses, 191 ; objects (^ analysis of, 194 ; 
relation of to services, 198; of direction 
and management, 201 ; way and works, 
204 ; causes of repair of iron work of 
road, 207 ; locomotive power, 211 ; of lo- 
comotive power, how distributed among 
carrying stock, 214 ; carrying, 220 ; re- 
capitulation of various heads of, 225 ; 
stations, 226 ; chargeable independently 
of distance, 226 ; proposal of M. Teisse- 
renc to fix common measure for expenses 
of stations, 258 ; estimated, of stations 
on Belgian railways, 230 ; measures for 
increased economy of, 233; gross ex- 
penses clasrified, 250 ; decreased by in- 
creasing distance of transport, 256; 
means of diminishing, 262 ; on Belgian 
railways, 353. (See British, Bclf^an, 
United States, and German railways.) 

Fog signals, 278. 

Foreign railways, carrying stock, 96 ; mile- 
age, 83, 96. 

French revolution, its influence on inter- 
nal commerce, 46 ; roads, 46 ; canal nav- 
igation, 311. 

French railways, 367; introduced by M. 
£. Pereire, 367 ; St. Germains line, 368 ; 
commission appointed bv Chamlwrs, 368; 
Paris and Orleans and Paris and Rouen 
lines, 369 ; law of 11th June, 1842, 369 ; 
description of, 369 ; length of, completed, 
in progress, and projected, 374 ; cost of 
construction, 376 ; estimated cost of all 
the, 377; companies tenants of State, 
377 ; mode of receiving tenders for 
leases, 377; locomotive and carrying 
stock, 378; locomotive duty and con- 
sumption of fuel, 378; average daily 
movement of locomotive stock of North 
of France, 379 ; of carrying stock, 379 ; 
relation between movement of rolling 
stock and extent of railway, 380 ; pas- 
senger traffic, 380 ; receipts, 380 ; propor- 
tion of business and receipts supplied by 
several classes of passengers, 382 ; daily 
movement and daily receipts of passen- 
ger traffic, 383 ; share of every jClOO by 
each class of traffic, 384 ; movement of 



goods traffic, and receipts from it, 384; 
receipts, expenses, and profits, 385 ; pro- 
portion of receipts, expenses, and profits 
per mile, of trains and of lines, and per 
cent, of capital, 385 ; speed 386. 
Fuel, consumed in working railways, 77 ; 
economy of on Belgian lines, 78 ; regis- 
ter of on Belgian lines, 79 ; Boorces for 
economiidng, 80, 143. 

German railways, 387 ; description of, 387; 
summary of length completed, in pro- 
gress, and projected, 392 ; detail of lines, 
382 ; constructed by eompaniefl and goT 
ernment, 395 ; on similar prindples to 
American, 2&li; gradients and curves^ 
307 ; cost of construction, . 401 ; co4t pei 
mile, 403 ; causes of low rate of cost, 403; 
self acting planes, 308 ; ra^ls, 400 ; prioet 
of land and labor, 4(M2 ; proportion of 
cost shared between land, road, itatioo^ 
and stock, 403 ; mode of woriding traffii; 
403 ; passengers, 404 ; mixed trahi% 404. 
movement of trains, 404 ; movement oi 
traffic 413 ; distance traveled and' re 
ceipts, 407; proportion of pavengen^ 
410; fares, 410; tariOs, 410; local vari 
ations of traffic, 411 ; gross receipts pet 
mile and per cent of capital, 413 ; pro- 
portion of receipts from paaaengen and 
goods, 411 ; working expenses^ 411 ; re- 
ceipts, expenses and i»oflts, compared 
with length of railway, proportkm per 
ct. of expenses to receipts ana of recaipti 
and profits to capital, 413 ; speed, 413; 
percentage of miles in the mvomI stotta 
in reference to territorial surfecA, 417. 

Goods engines, 71, 133 ; wagons. flS, 131 ; 
carrying stock, mileage of, 96, 187 ; nmn- 
ber of carrying stock on Ncvthwestem, 
99 ; movement of on Northwestern, 99 ; 
station, 120, 131; accounts, 146; mile- 
. age, 183, 187. 

Goods traffic, 183; clearing house, 145; 
mileage, 184, 190 ; distance per ton, 184; 
213 ; augmentation, 187 ; compared with 
development of railways, 188. (See 
British, Belgian, German, and United 
States railways.) 

Goods wagons, average load, 09L 

Grease, (yellow), 137. 

Grease-box, 137. 

Great Western: coke, 81; number of pas- 
sengers drawn by each engine, 173 ; dis- 
tance traveled by each passenger, 173 ; 
departures, 175 ; expenses of locomotive 
power, 219 ; estimated general working 
expenses, 333. (5to British railways.) 

Horses, 126, 174. 
Horse-boxes, 51, 136, 174. 
Horse-power, compared with steam-pow 
er, 163, 188. 



Inclined plane, 137. 
Italian railways, 404. 

Load, average of passenger 
of goods wagonsy iW. 



lOBi 



INDEX. 



441 



Live stock: clearing house, 146 ; .mileage, 
184. 

Locomotive power, 71 ; stock, 71 ; Bel- 
gian stock, 72 ; quantity of, independent 
of length of line, 86 ; depends on mile- 
age, 87 ; or on amount of receipts, 88 ; 
number of locomotives on British rail- 
ways, 88; mileage, 88; railway loco- 
motive manufactories, 108; stock of 
Northwestern, 111 ; d6pdt,120 ; expcQse 
of, 211, 230. (See Engine, British, Bel- 
gian, French, German, and United States 
railways.) 

London retail dealers, 133. 

London fruit, 134. 

Lost luggage office, 128. 

Luggage, 128, allowed, 122 ; free, 122. 

Mileage, defioition of, 87. 

Morrison, K., su^ests clearing house, 141. 

Napoleon, .roads projected and executed 
by, 46. 

Navigation developed earlier than internal 
commerce, 46. (See United Btates.) 

North of France Railway, carrying stock 
of, 92 ; mileage of passenger vehicles, 
96, 97 ; goods wagOns, 131 ; number of 
passengers carried by each train, 171 ; 
average daily movement of locomotive 
stock, 172. "^ {See French railways.) 

NorthwesterU, investigation of durability 
of rails by, 63 ; coke, 82 ; service of en- 
gines, 84; engine drivers, 85; carrjring 
stock, 93, 97, 106, 110; movement of 
carrying stock, 99 ; manufactories, 108 ; 
locomotive stock, 111 ; goods wagons, 
131 ; goods engines, 1^ ; goods trains, 
133; number of passengers drawn by 
each engine, 172; distance traveled per 
passenger, 172 ; departures, 175 ; per- 
sons and horses employed, 190; expenses 
of locomotive power, 219 ; estimated 
general working expenses. (See British 
railways, Expenses, Receipts, Profits.) 

Orleans Railway, mileage of engines, 75 

Parcels, 123, 133. 

Parcel vans, 91. 

Passenger engines, 71 ; station, 120. 

Passenger carriages, load, 168. 

Passenger traffic, 152; mileage account. 
100; r.lctiring house, 147; mileage of, 
152, 169 ; augmentation of, 162, 167, 186; 
comparative, per mile, 107: decrease, 
168. (See British, French, Belgian, Ger- 
man, and United States Railways.) 

Post offices, 91. 

Profits, 235 ; may be increased by in- 
creasing distance of transport, 259 ; and 
regulating tariff of empty transport and 
incomplete loads, 260. {See British, Bel- 
gian, French, German, and United States 
railways.) 

Rails, gradual wear, 56-63 ; means of 
calculating duration, 56; weight aug- 
mented, 58 ; recommended by Stephen- 



son and Locke, 59 ; modes of sapport, 
59 ; durability of, investigated, 60, 207 ; 
expenses of repair, 304 ; reserve fund fur 
relaying, 65 ; on United States railways, 
342. 
Railways, organization of administration 
of, 52; newly constructed require fre- 
quent repair, 55; erroneous opinion as 
to durability, 57; date of modem, 56; 
projects sanctioned by parliament, ^7; 
extent to \<4iicb used by rolling stock, 
103 ; proprietors carriers on, 108 ; devel- 
opment of compared with traffic, 166, 
188 ; length of British, 166 ; trains classi- 
fied, 176 ; accidents on, 265 ; in different 
countries, 416; population, extent of 
territory, extent of railway and capital 
in countries where 'railways exist, 417 ; 
comparison of length of railways and 
capital with population and territory, 
418; relation of to State, 421 ; in some 
countries constructed and worked by 
State, 423; in others a mixed system, 
423 ; case of English railway companies 
peculiar, 424 ; demand of system of con- 
trol, 424 ; right of parliament to inter- 
fere, 424; necessity of control, 425 ; nom- 
ination of Board of Ck>ntrol, 428 ; par- 
liamentary evidence on audit system, 
427 ; objects of control, 428 ; reports of 
House of Lords, 431 ; details necessary 
in railway accounts, 433 ; advantages of 
complete record of railway afihirs, 433; 
necessity of publishing such recwd, 438 ; 
{See British, Belgian, French, German, 
United States, Russian, Italian, and 
Spanish railways.) 

Receipts, 235; on British railways, 235; 
on what gross receipts depend, $247 ; re- 
lation between variation in and tariff 
248 ; means of augmenting, 257 ; rela- 
tion between mileage of engines and, 
262; on Belgian railways, 364. {See 
Belgian, British, French, G>erman, and 
United States railways.) 

Register of locomotive stock, 71 ; of Bel- 
gian railways, 72. 

Repairs, chief objects of annual repairs of 
way, 55. 

Reserve fund for relaying permanent way. 
65. 

Revenue an4 capital, 115. 

Roads only' in two sevenths of inhabited 
parts of globe, 42 ; Roman and Egyptian, 
42; consU'ucted by Semlramis, 43; in 
ancient Greece, 43; of the PhoBnicians, 
and Carthaginians, 43 ; ancient Roman, 
44; constructed by Romans, 44; pro- 
jected and made by Napoleon, 46; in 
western Europe after peace of 1802, 46 ; 
French, 47; English, 48; Roman, in 
England, 48. 

Rolling stock, maintenance and repro- 
duction of, 107; on Belgian railways, 
353. 

Rules (plain) to avoid accidents, 284. 

Russian railways, 414. 

Sleepers, 60; mateiiali 80; distance, 60; 
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magnitude, 60 ; investigation as to du- 

rability, 61 ; expenaeB of repair, 207. 
Spanish railways, 416. 
Southeaslera : departures, 175; estimated 

({uneral working expenses, 233. (Sse 

Britisb railwavs.) 
Southwestern : departures, 175 ; estimateil 

generai working expenses, 233. {See 

Britisti railways.) 
Speed, 176, 336, 36a, 386, 413 ; depends on 
. stoppages, 175 ; injurioufl effects of high, 

179. 
Stations, 119; service of, 52; passenger, 

121 ; goods, 131 ; engine, 134 ; carriase 

juid wagmi, 136; intermediate, 138; 

number, 138 ; expenses, 226. 
Statistical bureau, 437. 
Stock, valuation of, 118. 
Stoppages, injurious eflbcts of, 176. 

Tariff, 195, 235, 247 ; goods, 182, 306; re- 
lation between variation of tariff and 
receipts, 248; skill required to adjust, 
253 ; may be reduced by Increasing dis- 
tance of transport, 257 ; on empty trans- 
port and incomplete loads, 260. 

Telegraph (Electric), 38, 296 ; discovery 
of phenomena suluervient to, 296 ; con- 
ductors and non-conductors, 297 ; efl^ts 
used as signals, 297 ; mode of operation, 
299 ; in United States, 302 ; sub-marine, 
304; in England, 306; tariff of charges, 
306; subscription intelligence rooms, 
307 ; in Prussia, 307 ; extent in England, 
308; project of East India Company, 
308 ; cost of construction, 308. 

Tenders, number of, should be equal to 
engines, 88. 

Traffic, compared with development of 
railways, 165. {See British, Belgian, 
French, German, and United States 
railways.) 

Trains, increase in speed of, 58 ; increase 
in number and weight of, 58; composi- 
tion of, 99 ; arrangements of, 126 ; arrival, 
128 ; for poorer classes, 161 ; number of 
passengers carried by each, 171 ; classi- 
fied, 176 ; express, 180. 

Transport, improved, influence of on civil- 
ization, 25; requisites of, 26; advan- 
tages, 26 ; confers value on things value- 
less, 29 ; augments commerce, 30 ; par- 
liamentary evidence as to, 31 ; augments 
rent and profit of fanner, 20; import- 



ance of speed as regards persons, 34 ; 
Importance of improved transport to 
operative classes, 34 ; enlarges area of 
supply and of residence for large towns, 
35; importance In military anairs, 37; 
diminishes chances and duration of war, 
37 ; tends to diffiiston of knowledge and 
increase of civilization, 38; effect of 
rapid, exhit>ited in journalism, 38 ; ret- 
rospect of progress of, 41 ; influence of 
Crusades on, 45 ; impediments by flocal 
exactions, 46 ; aa English roads, 49. 
Traveling (railway) compared with old 
mode, 163, 188. 

United Kingdom : canal navigatl<m, 311 ; 
railway in proportion to population 
343. 

United States: transport in, 308; canal 
navigation, 309; river navigation, 311 ; 
Hudson steamers, 313; Ericsson's en- 
gine, 316; steamers of other rivers, 
323; Ericsson's propellers, 325; sea- 
going steamers^ 326; railways intro- 
duced, 327; length of, 397; desferiptkra 
of, 328 ; mixed lines, 328 ; steam ferries, 
334 ; mode of construction of railways, 
335 ; mode of working, 236 ; speed on, 
336 ; accidents, 337 ; cartages, 337 ; 
curves, 338; railways completed, in 
progress, and projected, 339; cost of 
construction, 342; dividends and price 
of shares, 33d ; roads, 345 ; extent of 
railways and canals in proportion to 
population, 345 ; passengers on railways, 
340 ; railways constructed by compantes, 
346 ; little goods traiBc 347 ; conditions 
imposed by States en railway companies, 
347 ; railway act, 348 ; induceooents by 
States to companies, 348. 

Valuation of stock, 11& 

Vehicles (public) in connection with rail- 
ways, 121, 128, 132. 

Vehicles of transport (See Caoying 
stock. 

Wagons station, 136. 

Way and works, 53 ; service of^ 5S ; wear, 
53 ; expenses of, 204, 230. 

Way (permanent), with giv« traflk, 
when relaid, 54; reserva Amd for re- 
laying, 54. 

Wheels, 136 



THE END. 
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